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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re United States Letters Patent of: 
Bruce A. Littlefield, et aL 

Patent No.: 6,214,865 

Issued: April 10,2001 

For: MACROCYCLIC ANALOGS AND METHODS 
OF THEIR USE AND PREPARATION 



TRANSMITTAL LETTER 

Mail Stop: Hatch-Waxman PTE 

U.S. Patent and Trademark Office 
Office of Patent Legal Administration 
Room MDW 7D55 

600 Dulany Street (Madison Building) 
Alexandria, V A 22314 

Dear Sir: 

Enclosed are the following items for filing in connection with the above-referenced 
issued Patent: 

1. Fee Transmittal; 

2. Application for Extension of Patent Term Under 35 U.S.C. § 156, together with 
Exhibits 1-9 (original plus two (2) copies); 

3. Pursuant to M.P.E.P. § 2753, an additional two (2) copies of this Application, 
together with Exhibits 1-9, are included for public inspection in the Office of 
Patent Legal Administration, and for use by the Legal Advisor; 

4. Pursuant to 37 C.F.R. § 1 .740(14), one (1) copy of this Application (without 
exhibits) is included for fee purposes; 
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JAN 1 1 2011 

PATENT EXTENSION 
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5. Patent — Power of Attorney or Revocation of Power of Attorney with a New 
Power of Attorney and Change of Correspondence Address; 

6. Statement Under 37 C.F.R. 3.73(b); and 

7. One stamp and return receipt postcard. 

The Director is authorized to charge our Deposit Account No. 50-0740 in the amount 
of $1,120.00 to cover the fee for a request for extension of patent term. The Director is also 
authorized to charge any deficiency in the fees filed, asserted to be filed or which should have 
been filed herewith (or with any paper hereafter filed in this application by this firm) to prevent 
this application from being inadvertently abandoned to our Deposit Account No. 50-0740, under 
Docket No. 029163.0022-US01. A duplicate copy of this paper is attached. 

It is not believed that extensions of time or fees for net addition of claims are required 
beyond those that may otherwise be provided for in documents accompanying this paper. 
However, if additional extensions of time are necessary to prevent abandonment of this 
application, then such extensions of time are hereby petitioned, and any fees required therefor 
(including fees for net addition of claims) are hereby authorized to be charged to our Deposit 
Account No. 50-0740. . 

Dated: January 1U 2011 ^^td^s^^^^ 



Paul J. Herman 

RegiWatjOn No.: 36,744 
ChristoprtSr N. Sipes 

Registration No.: 39,837 
COVINGTON & BURLING LLP 
1201 Pennsylvania Avenue, NW 
Washington, DC 20004-2401 
Telephone No.: 202.662.6000 
Facsimile No.: 202.662.6291 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re United States Letters Patent of: 
Bruce A. Littlefield, et al. 



Patent No. 6,214,865 



Issued: April 10, 2001 



For: MACROCYCLIC ANALOGS AND METHODS 
OF THEIR USE AND PREPARATION 



RECEIVED 

JAN 11 2011 

PATENT EXTENSION 
OPLA 



Mail Stop: Hatch-Waxman PTE 



U.S. Patent and Trademark Office 
Office of Patent Legal Administration 
Room MDW 7D55 

600 Dulany Street (Madison Building) 
Alexandria, V A 22314 



Pursuant to 35 U.S.C. § 156 and 37 C.F.R. §§ 1.710-1.791, Eisai R&D Management Co., 
Ltd., ("Applicant"), herewith applies for an extension of the term of U.S. Patent No. 6,214,865 
(Exhibit 1, the "'865 patent"). 

The Applicant represents that its address is 6-10 Koishikawa 4-chome, Bunkyo-ku, 
Tokyo, Japan 1 12-8088, and that it is the owner and assignee of the entire interest in and to 
Letters Patent of the United States No. 6,214,865, granted to Bruce A. Littlefield, Monica H. 
Palme, Boris M. Seletsky, Murray J. Towle, Melvin J. Yu, and Wanjun Zheng on April 10, 2001, 
for "Macrocyclic Analogs and Methods of Their Use and Preparation," by virtue of an 
assignment from Eisai Co., Ltd. This assignment was recorded in the U.S. Patent and Trademark 
Office ("USPTO") on January 1 1, 2008, at Reel 020352, Frame 0458 and is attached hereto as 
Exhibit 2. Eisai Co., Ltd. had been the owner of the '865 patent by virtue of an assignment from 



APPLICATION FOR EXTENSION OF PATENT TERM UNDER 

35 U.S.C. S 156 



Dear Sir: 



U.S. Patent No. 6,214,865 Docket No.: 029163.0022-US01 

Bruce A. Littlefield, Monica H. Palme, Boris M. Seletsky, Murray J. Towle, Melvin J. Yu, and 
Wanjun Zheng of their interests in U.S. Patent Application No. 09/334,488 (the "'488 
application), recorded on July 26, 1999, at Reel 010118, Frame 0278, and attached hereto as 
Exhibit 2. The '865 patent matured from the '488 application, filed on June 16, 1999, which 
claims priority under 35 U.S.C. § 1 19(e) to Provisional Application No. 60/089,682, filed on 
June 17, 1998. 

The Approved Product that is relevant to this application is HALAVEN™ (eribulin 
mesylate) Injection, 1 mg/2 mL (0.5 mg/mL), referred to herein as "HALAVEN™" or 
"Approved Product." 

The Marketing Applicant for HALAVEN™ is Eisai Inc., located at 100 Tice Boulevard, 
Woodcliff Lake, NJ 07677. The Marketing Applicant is a wholly-owned subsidiary of Eisai 
Corporation of North America, which in turn is a wholly-owned subsidiary of Eisai Co., Ltd. 
Eisai R&D Management Co., Ltd., the owner of the '865 patent, is also a wholly-owned 
subsidiary of Eisai Co., Ltd. Additionally, the initial IND applicant, Eisai Medical Research 
Inc., was a wholly-owned subsidiary of Eisai Corporation of North America, which in turn was 
and is a wholly-owned subsidiary of Eisai Co., Ltd. Eisai Medical Research Inc. was merged 
into, and sponsorship of the IND was transferred to, Eisai Inc., on October 1, 2009. 

The following information is submitted by Applicant in accordance with 35 U.S.C. 
§ 156(d) and the rules for extension of patent term issued by the USPTO at 37 C.F.R. Subpart F, 
§§ 1.710 to 1.791, and follows the numerical format set forth in 37 C.F.R. § 1.740. 
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(1) A COMPLETE IDENTIFICATION OF THE APPROVED PRODUCT AS BY 
APPROPRIATE CHEMICAL AND GENERIC NAME, PHYSICAL STRUCTURE OR 
CHARACTERISTICS: 

The Approved Product is HALAVEN™, with the active ingredient eribulin mesylate at a 
strength of 1 mg per 2 mL (0.5 mg per 1 mL). The Food and Drug Administration ("FDA") has 
approved HALAVEN™ for intravenous administration for the treatment of patients with 
metastatic breast cancer who have previously received at least two chemotherapeutic regimens 
for the treatment of metastatic disease. Prior therapy should have included an anthracycline and 
a taxane in either the adjuvant or metastatic setting. The approved labeling is attached hereto as 
Exhibit 3. 

The chemical name of eribulin mesylate is 1 l,15:18,21:24,28-Triepoxy-7,9-ethano- 
12,15-methano-9/f,15^ 

one, 2-[(25)-3-amino-2-hydroxypropyl]hexacosahydro-3-methoxy-26-methyl-20,27- 

bis(methylene)-, (2tf,3tf,3aS,7tf,8aS^ 

29aS)~, methanesulfonate (salt), with the chemical structure: 
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Its molecular formula is CztoHsgNOn'CH^S, and its molecular weight is 826.0 (729.9 for free 
base). 

HALAVEN™ is a clear, colorless, sterile solution for intravenous administration. Each 
vial contains 1 mg of eribulin mesylate as a 0.5 mg/mL solution in ethanol:water (5:95). 

(2) A COMPLETE IDENTIFICATION OF THE FEDERAL STATUTE 
INCLUDING THE APPLICABLE PROVISION OF LAW UNDER WHICH THE 
REGULATORY REVIEW OCCURRED: 

The Approved Product is a drug product, and the regulatory review of the Approved 
Product occurred under Section 505(b) of the Federal Food, Drug, and Cosmetic Act ("FFDCA") 
(21 U.S.C. § 355(b)). 

(3) AN IDENTIFICATION OF THE DATE ON WHICH THE PRODUCT 
RECEIVED PERMISSION FOR COMMERCIAL MARKETING OR USE UNDER THE 
PROVISION OF LAW UNDER WHICH THE APPLICABLE REGULATORY REVIEW 
PERIOD OCCURRED: 

The Approved Product received permission for commercial marketing or use by FDA 
pursuant to Section 505(b) of the FFDCA (21 U.S.C. § 355(b)) on November 15, 2010. A copy 
of the approval letter is attached hereto as Exhibit 4. 

(4) IN THE CASE OF A DRUG PRODUCT, AN IDENTIFICATION OF EACH 
ACTIVE INGREDIENT IN THE PRODUCT AND AS TO EACH ACTIVE INGREDIENT, A 
STATEMENT THAT IT HAS NOT BEEN PREVIOUSLY APPROVED FOR COMMERCIAL 
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MARKETING OR USE UNDER THE FFDCA, THE PUBLIC HEALTH SERVICE ACT, OR 
THE VIRUS-SERUM-TOXIN ACT, OR A STATEMENT OF WHEN THE ACTIVE 
INGREDIENT WAS APPROVED FOR COMMERCIAL MARKETING OR USE (EITHER 
ALONE OR IN COMBINATION WITH OTHER ACTIVE INGREDIENTS), THE USE FOR 
WHICH IT WAS APPROVED, AND THE PROVISION OF LAW UNDER WHICH IT WAS 
APPROVED: 

FDA has approved HALAVEN™ under Section 505(b) of the FFDCA (21 U.S.C. 
§ 355(b)) for the treatment of patients with metastatic breast cancer who have previously 
received at least two chemotherapeutic regimens for the treatment of metastatic disease. Prior 
therapy should have included an anthracycline and a taxane in either the adjuvant or metastatic 
setting. The active ingredient in HALAVEN™ is eribulin mesylate. The chemical name of 
eribulin mesylate is 1 1,15:18,21 :24,28-Triepoxy-7,9-ethano-12,15-methano-9//,15//-furo[3,2- 
/']furo[2',3 , :5,6]pyrano[4,3-6][l,4]dioxacyclopentacosin-5(4//)-one, 2-[(25)-3-amino-2- 
hydroxypropyl]hexacosahydro-3-methoxy-26-methyl-20,27-bis|methylene)-, 
(2i?,3/?,3a^,7/?,8a5,95,10a/?,ll 1 S,12/?,13a^,13b5 , ,155',185,215,24 1 S,26/?,28/?, 29aS)-, 
methanesulfonate (salt), with the chemical structure: 
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Its molecular formula is C40H59NO11 •CHUCKS, and its molecular weight is 826.0 (729.9 for free 
base). 

Eribulin mesylate has not been previously approved for commercial marketing under the 
FFDCA, the Public Health Service Act, or the Virus-Serum-Toxin Act. In addition, no drug 
having the same active moiety, as defined in 21 C.F.R. § 314.108(a), as HALAVEN™ has 
previously been approved for commercial marketing or use under the FFDCA, the Public Health 
Service Act, or the Virus-Serum-Toxin Act. 

(5) A STATEMENT THAT THE APPLICATION IS BEING SUBMITTED 
WITHIN THE SIXTY DAY PERIOD PERMITTED FOR SUBMISSION PURSUANT TO 
SECTION 1.720(f) AND AN IDENTIFICATION OF THE DATE OF THE LAST DAY ON 
WHICH THE APPLICATION COULD BE SUBMITTED: 

Pursuant to 35 U.S.C. § 156(d)(1), this Application is timely filed within the sixty-day 
period that began on November 15, 2010 when the product received permission for commercial 
marketing under 21 U.S.C. § 355(b). The expiration of the sixty-day period is January 13, 201 1, 
in accordance with 37 C.F.R. § 1.7(a). Therefore, the Application is timely filed within the 
sixty-day period that began on November 15, 2010 and that will expire on January 13, 201 1. 

(6) A COMPLETE IDENTIFICATION OF THE PATENT FOR WHICH AN 
EXTENSION IS BEING SOUGHT BY THE NAME OF THE INVENTOR, THE PATENT 
NUMBER, THE DATE OF ISSUE, AND THE DATE OF EXPIRATION: 

U,S, PATENT NO,: 6,214,865 
INVENTORS: LITTLEFIELD, ETAL. 
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DATE OF ISSUE: APRIL 10, 2001 
EXPIRATION DATE: JUNE 16, 2019 

The expiration date of the '865 patent is June 16, 2019, based on the following: The '488 
application, which was filed on June 16, 1999 and matured into the '865 patent, claims priority 
to Provisional Application No. 60/089,682, filed on June 17, 1998. The term is therefore twenty 
years from the June 16, 1999 filing date of the '488 application. Therefore, the expiration date is 
June 16, 2019, which is twenty years from the '488 application filing date of June 16, 1999. 

(7) A COPY OF THE PATENT FOR WHICH AN EXTENSION IS BEING 
SOUGHT, INCLUDING THE ENTIRE SPECIFICATION (INCLUDING CLAIMS) AND 
DRAWINGS: 

A complete copy of the '865 patent (including the specification, claims, drawings and 
Certificate of Correction), is attached hereto as Exhibit 1. 

(8) A COPY OF ANY DISCLAIMER, CERTIFICATE OF CORRECTION, 
RECEIPT OF MAINTENANCE FEE PAYMENT, OR RE-EXAMINATION CERTIFICATE 
ISSUED IN THE PATENT: 

No disclaimers were filed for the '865 patent. 

The '865 patent has not been re-examined, so no re-examination certificate has issued. 

A copy of the Certificate of Correction, issued on the '865 patent on January 22, 2008, is 
attached hereto with the complete copy of the patent, in Exhibit 1 . 

The first maintenance fee for the '865 patent was paid on October 7, 2004, as shown by 
the Patent Bibliographic Data Sheet and the USPTO Maintenance Fee Statement for this patent, 
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both found in Exhibit 5. The second maintenance fee for the '865 patent was paid on April 16, 
2008, as shown by the Patent Bibliographic Data Sheet and the USPTO Maintenance Fee 
Statement for this patent. The next maintenance fee is not yet due. Accordingly, there are no 
unpaid maintenance fees for this patent. 

(9) A STATEMENT THAT THE PATENT CLAIMS THE APPROVED 
PRODUCT, OR A METHOD OF USING OR MANUFACTURING THE APPROVED 
PRODUCT, AND A SHOWING WHICH LISTS EACH APPLICABLE PATENT CLAIM 
AND DEMONSTRATES THE MANNER IN WHICH AT LEAST ONE SUCH PATENT 
CLAIM READS ON THE APPROVED PRODUCT OR A METHOD OF USING OR 
MANUFACTURING THE APPROVED PRODUCT: 

The '865 patent claims the Approved Product. At least claims 1, 2, 3, 5, 7, 8, 9, 10, 1 1, 
13, 14, 15, 16, and 19 read on the Approved Product. Pursuant to 37 C.F.R. § 1.740(a)(9), a 
showing which demonstrates the manner in which at least one patent claim reads on the 
Approved Product is set forth below. 

Claim 1 of the '865 patent reads as follows: 

1 . A compound having the formula: 



-8- 



U.S. Patent No. 6,214,865 



Docket No.: 029163.0022-US01 




wherein A is a Ci- 6 saturated or C 2 - 6 unsaturated hydrocarbon skeleton, said skeleton 
being unsubstituted or having between 1 and 10 substituents, inclusive, independently 
selected from cyano, halo, azido, oxo, and Qi; 

each Qi is independently selected from ORu SRi, S0 2 Ri, 

OSO2R1, NR 2 Ri, NR 2 (CO)R,, NR 2 (CO)(CO)R, 5 NR4 

(CO)NR 2 R,, NR 2 (CO)ORi, (CO)OR,, 0(CO)Ri, 

(CO)NR 2 R,, and 0(CO)NR 2 Ri; 
each of Ri, R 2 , R4, R5, and R6 is independently selected 

from H, C1-6 alkyl, Ci_6 haloalkyl, C1-6 hydroxyalkyl, 

C1-6 aminoalkyl, C 6 -io aryl, C6-10 haloaryl, C6-10 

hydroxyaryl, C1-3 alkoxy-C6 aryl, C6-10 aryl-Ci_ 6 alkyl, 

Ci_6 alkyl-C 6 -io aryl, C 6 -io haloaryl-Ci. 6 alkyl, Ci_ 6 

alkyl-C6-io haloaryl, (C1-3 alkoxy-C6 aryl)-C].3 alkyl, 

C 2 .9 heterocyclic radical, C2-9 heterocyclic radical-Ci.6 

alkyl, C 2 . 9 heteroaryl, and C 2 . 9 heteroaryl-Ci-6 alkyl; 
each of D and D' is independently selected from R3 and 

OR3, wherein R3 is H, C1-3 alkyl, or C1.3 haloalkyl; 
n is 0 or 1 ; 
Eis R 5 or OR 5 ; 
Gis O, S,CH 2 , orNR 6 ; 

each of J and J' is independently H, Ci_6 alkoxy, or Ci_6 

alkyl; or J and J' taken together are =CH 2 or — O- 

(straight or branched Ci_5alkylene)-0 — ; 
QisCi-3 alkyl; 

T is ethylene or ethenylene, optionally substituted with 

(CO)OR 7 , where R 7 is H or Ci_ 6 alkyl; 
each of U and U' is independently H, Ci_6 alkoxy, or C 1-6 

alkyl; or U and U 1 taken together are =CH 2 or — O- 

(straight or branched C1-5 alkylene)-0 — ; 
X is H or C1-6 alkoxy; 
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each of Y and Y' is independently H or Ci-6 alkoxy; or Y 

and Y' taken together are =0, =CH 2 , or — 0-(straight 

or branched C1.5 alkylene)-0 — ; and 
each of Z and Z' is independently H or Ci_6 alkoxy; or Z 

and Z' taken together are =0, ^CH 2 , or — 0-(straight 

or branched C1-5 alkylene)-0 — ; 
or a pharmaceutically acceptable salt thereof. 

'865 patent, col.129 Lll-col.130 1.18 and Certificate of Correction at p. 41. 

The approved labeling, attached as Exhibit 4, depicts the structure eribulin mesylate as 

having the following structure: 




The following is a side-by-side comparison of between the structure of claim 1 of the '865 patent 



and the structure of HALAVEN™ (eribulin mesylate) as depicted in the Approved Labeling: 



'865 Patent, claim 1 


HALAVEN™ Approved Labeling 


° jL z z" <L 1 

u-1 \ 
sir x 


H 3 C- 0 H 

1 1 

HO H H © ju H T H ? H 

0 ^^>CH 2 /\1A^ • H3C--SO3H 

, r -> VgT 

[ h Q ^ijf^r H 

H*\ / "H 

H 2 C 



- 10- 



U.S. Patent No. 6,214,865 



Docket No.: 029163.0022-US01 



The basic structure of HALAVEN™ is the same as the basic structure of the compound 
of claim 1 of the '865 patent. 

In HALAVEN™ (eribulin mesylate), the structure corresponding to A in the structure of 
claim 1 is a C3 saturated hydrocarbon chain (skeleton), having two substituents (-OH and -NH 2 ). 
The -OH and -NH 2 substituents of HALAVEN™ fall with the definition of Qi of claim 1 of the 
'865 patent. The -OH substituent of HALAVEN™ meets the definition of -ORi of claim 1 
where R\ is H. The -NH 2 substituent meets the definition of -NR 2 Ri, where both R\ and R 2 are 
H. 

In HALAVEN™, the structure corresponding to D in claim 1 of the '865 patent is -OR3, 
where R3 is Ci alkyl. In other words, the structure in HALAVEN™ corresponding to D in claim 
1 is a methoxy group, -OCH3. 

In HALAVEN™, the structure corresponding to D f in claim 1 of the '865 patent is R3, 
where R3 is -H. 

In HALAVEN™, n is 0, meaning that the structure corresponding to E in claim 1 of the 
'865 patent is not present, as permitted by claim 1 . 

In HALAVEN™, the structure corresponding to G in claim 1 of the '865 patent is 
oxygen ( — O — ). 

In HALAVEN™, the structure corresponding to J and J f in claim 1 of the '865 patent is 

=CH 2 . 

In HALAVEN™, the structure corresponding to Q in claim 1 of the '865 patent is C\ 
alkyl (methyl, — CH 3 ). 
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In HALAVEN™, the structure corresponding to T in claim 1 of the '865 patent is 
ethylene. 

In HALAVEN™, the structure corresponding to U and U' in claim 1 of the '865 patent is 

=CH 2 . 

In HALAVEN™, the structure corresponding to X in claim 1 of the '865 patent is 
hydrogen ( — H). 

In HALAVEN™, the structures corresponding to Y and Y f in claim 1 of the '865 patent 
are each hydrogen ( — H). 

In HALAVEN™, the structure corresponding to Z and Z' in claim 1 of the '865 patent is 

=0. 

The Approved Product is eribulin mesylate, a pharmaceutical^ acceptable salt of the 
eribulin compound. Therefore, claim 1 reads on HALAVEN™, the Approved Product. 



- 12- 



U.S. Patent No. 6,214,865 Docket No.: 029163.0022-US01 

(10) A STATEMENT BEGINNING ON A NEW PAGE OF THE RELEVANT DATES AND 
INFORMATION PURSUANT TO 35 U.S.C. § 156(g) IN ORDER TO ENABLE THE 
SECRETARY OF HEATH AND HUMAN SERVICES OR THE SECRETARY OF 
AGRICULTURE, AS APPROPRIATE, TO DETERMINE THE APPLICABLE 
REGULATORY REVIEW PERIOD AS FOLLOWS: 

(i) FOR A PATENT CLAIMING A HUMAN DRUG, ANTIBIOTIC, OR HUMAN 
BIOLOGICAL PRODUCT, THE EFFECTIVE DATE OF THE INVESTIGATIONAL NEW 
DRUG APPLICATION (IND) AND THE IND NUMBER; THE DATE ON WHICH A NEW 
DRUG APPLICATION (NDA) OR A PRODUCT LICENSE APPLICATION (PLA) WAS 
INITIALLY SUBMITTED AND THE NDA OR PLA NUMBER; AND THE DATE ON 
WHICH THE NDA WAS APPROVED OR THE PRODUCT LICENSE ISSUED; 

An original investigational new drug application ("IND") was filed on March 31, 2003, 
and assigned IND No. 67,193. A copy of the letter acknowledging receipt of the IND is attached 
as Exhibit 6. Accordingly, IND No. 67,193 became effective thirty days from March 31, 2003, 
which is April 30, 2003. 

A new drug application ("NDA") was submitted on March 30, 2010 and acknowledged 
as received on March 30, 2010 (see Exhibit 7). The NDA number assigned to the application for 
eribulin mesylate was NDA No. 20-1532. The NDA was approved on November 15, 2010. 
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(11) A BRIEF DESCRIPTION BEGINNING ON A NEW PAGE OF THE 
SIGNIFICANT ACTIVITIES UNDERTAKEN BY THE MARKETING APPLICANT, 
DURING THE APPLICABLE REGULATORY REVIEW PERIOD WITH RESPECT TO THE 
APPROVED PRODUCT AND THE SIGNIFICANT DATES APPLICABLE TO SUCH 
ACTIVITIES: 

In accordance with 37 C.F.R. § 1.740(a)(l 1), a list of significant activities, undertaken by 
the Marketing Applicant in each of IND No. 67,193 and NDA No. 20-1532 during the applicable 
regulatory review period with respect to the Approved Product is provided at: Exhibit No. 8 
(IND No. 67,193) and Exhibit No. 9 (NDA No. 20-1 532). 
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(12) A STATEMENT BEGINNING ON A NEW PAGE THAT IN THE OPINION 
OF THE APPLICANT THE PATENT IS ELIGIBLE FOR THE EXTENSION AND A 
STATEMENT AS TO THE LENGTH OF EXTENSION CLAIMED, INCLUDING HOW THE 
LENGTH OF THE EXTENSION WAS DETERMINED: 

(a) Statement of eligibility of the patent for extension under 35 U.S.C. § 156(a): 

Section 156(a) provides, in relevant part, that the term of a patent which claims a product, 
method of using a product, or a method of manufacturing a product shall be extended if (1) the 
term of the patent has not expired before an application for extension is submitted; (2) the term 
of the patent has never been extended under 35 U.S.C. § 156(e)(1); (3) the application for 
extension is submitted by the owner of record of the patent or its agent in accordance with 35 
U.S.C. § 156(d); (4) the product has been subject to a regulatory review period before its 
commercial marketing or use; and (5) the permission for the commercial marketing or use of the 
product after such regulatory review is the first permitted commercial marketing or use of the 
product using the provision of law under which such regulatory review period occurred. 

As described by corresponding number, each of these elements is satisfied: 

(1) Pursuant to 35 U.S.C. § 154, the term of the '865 patent is currently set to expire 
on June 16, 2019. Thus, this Application is being submitted prior to the expiration of the term of 
the '865 patent. 

(2) The term of the '865 patent has never been extended under 35 U.S.C. § 156(e)(1). 

(3) This application is being submitted by Eisai R&D Management Co., Ltd., the 
owner of record based on duly recorded assignments discussed herein. (See Exhibit 2.) This 
application is submitted within the sixty-day period beginning on November 15, 2010, the date 
the product received permission for marketing under Section 505(b) of the FFDCA (21 U.S.C. 
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§ 355(b)), and ending on January 13, 201 1. Additionally, the application contains the 
information required under 35 U.S.C. § 156(d). Therefore, it is submitted in accordance with 35 
U.S.C. § 156(d). 

(4) As evidenced by the letter from FDA to Eisai Inc., November 15, 2010 (Exhibit 
4), the product was subject to a regulatory review period under Section 505(b) of the FFDCA (21 
U.S.C. § 355(b)) before its commercial marketing or use. 

(5) The permission for the commercial marketing of HALAVEN™ is the first 
permitted commercial marketing and use under Section 505 of the FFDCA (21 U.S.C. § 355) of 
the product, as defined in 35 U.S.C. § 156(f). (See section 4, above). 

(b) Statement as to length of extension claimed: 

The term of U.S. Patent No. 6,214,865, now expiring on June 16, 2019, should be 
extended for 1,495 days, or to July 20, 2023, in accordance with 35 U.S.C. § 156. 

As set forth in 35 U.S.C. § 156(g)(1), the regulatory review period equals the length of 
time between the effective date of IND No. 67,193 of April 30, 2003 and the submission of NDA 
No. 20-1532 on March 30, 2010, a period of 2,527 days (i.e., the "testing phase"), plus the length 
of time between the submission of the NDA No. 20-1532 on March 30, 2010 to NDA approval 
on November 15, 2010 (i.e., the "approval phase"), a period of 231 days. These two periods 
added together equal 2,758 days. 

Pursuant to 37 C.F.R. § 1 .775(d), the term of the patent is extended and determined by 
subtracting from the 2,758 day regulatory review period the following: 

(i) 0 days, which is the number of days in the IND and NDA periods on or before the 
issuance of U.S. Patent No. 6,214,865 on April 10, 2001. 
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(ii) 1,263 days, which is one half the number of days remaining in the IND period after 
the subtraction of 0 days above (wherein half days are ignored for purposes of this subtraction, as 
provided by 37 C.F.R. § 1 .775(d)(l)(iii)). 

From the foregoing calculation, an extension of 1,495 days results, i.e., the remaining 
period under 35 U.S.C. § 156(g)(l)(B)(i) (1,264 days) plus the remaining period under 35 U.S.C. 
§ 156(g)(l)(B)(iii) (231 days), or 1,495 days. This length of an extension would provide a new 
expiration date for U.S. Patent No. 6,214,865 of July 20, 2023. However, this extension period 
is subject to two further potential limitations under 35 U.S.C. § 156. 

First, under 35 U.S.C. § 156(g)(6)(A), a maximum extension of five years is permitted. 
In this case, since the current expiry date of U.S. Patent No. 6,214,865 is June 16, 2019, no 
patent term extension could extend the term of the patent beyond June 16, 2024. Consequently, 
this provision does not operate to limit the possible extension available to U.S. Patent No. 
6,214,865. 

Second, under 35 U.S.C. § 156(c)(3), if the calculated extension period would result in a 
patent term extending beyond fourteen years after the date of FDA approval for HALAVEN™, 
that is, a patent term expiring after November 15, 2024, the period of extension would be limited 
so that this period does not exceed fourteen years. In this case, that provision also does not 
operate to limit the possible extension available to U.S. Patent No. 6,214,865. 

Accordingly, U.S. Patent No. 6,214,865 is eligible for a patent term extension of 1,495 

days. 
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(13) A STATEMENT THAT THE APPLICANT ACKNOWLEDGES A DUTY TO 
DISCLOSE TO THE DIRECTOR OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE AND THE SECRETARY OF HEALTH AND HUMAN SERVICES OR THE 
SECRETARY OF AGRICULTURE ANY INFORMATION WHICH IS MATERIAL TO THE 
DETERMINATION OF ENTITLEMENT TO THE EXTENSION SOUGHT (SEE 37 C.F.R. § 
1.765). 

Eisai R&D Management Co., Ltd., the Applicant, acknowledges a duty to disclose to the 
Director of the United States Patent and Trademark Office and the Secretary of Health and 
Human Services any information which is material to the determination of entitlement to the 
extension sought. 

( 1 4) THE PRESCRIBED FEE FOR RECEIVING AND ACTING UPON THE 
APPLICATION FOR EXTENSION (SEE 37 C.F.R. § 1.200)): 

The Director is hereby authorized to charge our Deposit Account 50-0740 in the amount 
of $1,120.00 to cover the fee for this application for extension of patent term. The Director is 
also hereby authorized to charge our Deposit Account 50-0740, for any deficiency in the fees 
filed, asserted to be filed, or which should have been filed herewith (or with any paper hereafter 
filed in this application by this firm), to prevent this application from being inadvertently 
abandoned. A duplicate of this Request (without Exhibits 1-9) is attached. 



- 18- 



U.S. Patent No. 6,214,865 



Docket No.: 029163.0022-US01 



(15) THE NAME, ADDRESS, AND TELEPHONE NUMBER OF THE PERSON TO 

WHOM INQUIRIES AND CORRESPONDENCE RELATING TO THE APPLICATION FOR 

PATENT TERM EXTENSION ARE TO BE DIRECTED : 

Paul J. Berman 
Christopher N. Sipes 
COVINGTON & BURLING LLP 
1201 Pennsylvania Avenue, N.W. 
Washington, D.C. 20004-2401 
Telephone No.: 202.662.6000 
Facsimile No.: 202.662.6291 

Pursuant to 37 C.F.R. § 1.740(b), this Application for Extension of patent Term under 35 
U.S.C. § 156 includes Exhibits 1-9, and is accompanied by two additional copies. Pursuant to 
M.P.E.P. § 2753, an additional two copies of this Request, with accompanying Exhibits 1-9, also 
accompanies this Application. 

Accordingly, submitted herewith are a total of: one original Application including 
Exhibits; four copies of this Application including Exhibits; and one copy of this Application 
without Exhibits. 

Dated: January 11. 2011 Respectfulry~s«bmitted, 




Registration No.: 36,744 
Christopher N. Sipes 



Registration No.: 39,837 



COVINGTON & BURLING LLP 
1201 Pennsylvania Avenue, NW 



Washington, DC 20004-2401 
Telephone No.: 202.662.6000 
Facsimile No.: 202.662.6291 
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ABSTRACT 



The invention provides halichondrin analogs having phar- 
maceutical activity, such as anticancer or antimitotic 
(mitosis-blocking) activity, and methods of identifying 
agents that induce a sustained mitotic block in a cell after 
transient exposure of the cell to the agents. 
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MACROCYCLIC ANALOGS AND METHODS 
OF THEIR USE AND PREPARATION 

This application claims benefit of Provisional Applica- 
tion Serial No. 60/089,682 filed Jun. 17, 1998. 5 

BACKGROUND 

The invention relates to pharmaceutically active mac- 
rolides. Halichondrin B is a potent anticancer agent origi- 
nally isolated from the marine sponge Halichondria okadai, 
and subsequently found in Axinella sp. f Phakellia carteri, 
and Lissondendryx sp. 

A total synthesis of Halichondrin B was published in 1992 
(Aicher, T. D. et al., J. Am. Chem. Soc. 114:3162-3164). 
Halichondrin B has demonstrated in vitro inhibition of 
tubulin polymerization, microtubule assembly, beta^-tubulin 
crosslinking, GTP and vinblastine binding to tubulin, and 
tubulin-dependcnt GTP hydrolysis and has shown in vitro 
and in vivo anti-cancer properties. 2Q 

SUMMARY OF THE INVENTION 

The invention provides halichondrin analogs having phar- 
maceutical activity, such as anticancer or antimitotic 
(mitosis-blocking) activity. These' compounds are substan- 2 s 
tially smaller than halichondrin B, The invention features a 
compound having the formula (I): 

Formula (I) 

30 



35 



40 



45 



In formula (I), A is a Cj. 6 saturated or C 2 . 6 unsaturated 
hydrocarbon skeleton, the skeleton being unsubstituted or 
having between 1 .and 13 substituents, preferably between 1 
and 10 substituents, e.g., at least one substituent selected 
from cyano, halo, azido, Q a , and oxo. Each Q a is indepen- 
dently selected from OR v SRj, S0 2 Rj, OSO^, NR 2 Rj, 
NR 2 (C0)R 1 , NR^COXCOJR,, NR 4 (CO)NR 2 R i , NR 2 (CO) 
OR a , (CO)OR lf 0(CO)R 1( (CO)NR 2 R 1 , and 0(CO)NR 2 R 1 . 
The number of substituents can be, for example, between 1 
and 6, 1 and 8, 2 and 5, or 1 and 4. Throughout the 
disclosure, numerical ranges are understood to be inclusive. 

Each of R : , R 2 , R 4 , R 5 , and R 6 is independently selected 
from H, C}_ 6 alkyl, C 3 _ 6 haloalkyl, C,. 6 hydroxyalkyl, C u6 
aminoalkyl, C 6 . i0 aryl, C 6 . 10 haloaryl (e.g., p-fluorophenyl 
or p-chlorophenyl), C fi . 10 hydroxyaryl, C.,_ 4 alkoxy-C 6 aryl 
(e.g., p-methoxyphenyl, 3,4,5-trimethoxyphcnyl, 
p-ethoxyphenyl, or 3,5-diethoxyphenyl), C 6 . J0 aryl-Cj_ 6 
alkyl (e.g., benzyl or phenethyl), alkyl-C a _ 10 aryl, C 6 . 10 
haloaryl-Cj. 6 alkyl, C a . 6 alkyl-C^p haloaryl, (C^ alkoxy- 
C 6 ^ry\)-C 1 . 2 alkyl, C 2 _ 9 heterocyclic radical, 



50 
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C 2 . 9 heterocyclic radical-C^ alkyl, C 2 . 9 heteroaryl, and 
^.gheteroaryl-Cj.g alkyl. There may be more than one R lt 
for example, if A is substituted with two different alkoxy 
(ORj) groups such as butoxy and 2-aminoethyoxy. 

Examples of A include 2,3-dihydroxypropyl, 
2-hydroxyethyl, 3-hydroxy-4-perfluorobutyl, 2,4,5- 
trihydroxypentyl, 3-amino-2-hydroxypropyl, 1,2- 
dihydroxycthyl, 2,3-dihyroxy-4-perfturobutyl, 3-cyano-2- 
hydroxypropyl, 2-amino-l-hydroxy ethyl, 3-azido-2- 
hydroxypropyl, 3,3-difluoro-2,4-dihydroxybutyl, 2,4- 
dihydroxybutyl, 2-hydroxy-2(p-fiuorophenyl)-ethyl, — CH 2 
(CO)(substituted or unsubstituted aryl), — CH 2 (C0)(alkyl 
or substituted alkyl, such as haloalkyl or hydroxyalkyl) and 
3,3-difluoro-2-hydroxypent-4-enyl . 

Examples of Q a include — NH(CO)(CO)-(beterocyclic 
radical or hctcroaryl), — 0S0 2 -(aryl or substituted aryl), 
— 0(CO)NH-(aryl or substituted aryl), aminoalkyl, 
hydroxyalkyl, — NH(CO)(CO)-(aryl or substituted aryl), 
— NH(CO)(alkyl)(heteroaryl or heterocyclic radical), 
0(substituted or unsubstituted alky lXsubstitu ted or unsub- 
stituted aryl), and — NH(CO)(alkyl)(aryl or substituted 
aryl). 

Each of D and D' is independently selected from R 3 and 
OR 3 , wherein R 3 is II, C^ 3 alkyl, or C U3 haloalkyl. 
Examples of D and D' are methoxy, methyl, ethoxy, and 
ethyl. In some embodiments, one of D and D 1 is H. 

The value for n is 1 or preferably 0, thereby forming either 
a six-membered or five-membered ring. This ring can be 
unsubstituted or substituted, e.g., where E is R 5 or OR 5 , and 
can be a heterocyclic radical or a cycloalkyl, e.g. where G 
is S, CH 2 , NR 6 , or preferably O. 

Each of J and J' is independently H, C^ 6 alkoxy, or Cj_ 6 
alkyl; or J and J' taken together are =CH 2 or — 0-(straight 
or branched C 1 . 5 alkylene or alkylidene)-0 — , such as exo- 
cyclic methylidene, isopropylidene, methylene, or ethylene, 
Q is C]. 3 alkyl, and is preferably methyl. T is ethylene or 
ethenylene, optionally substituted with (CO)OR 7 , where R 7 
is H or C u6 alkyl. Each of U and U' is independently H, C a _ 6 
alkoxy, or C^ 6 alkyl; or U and U' taken together are =CH 2 
or — 0-(straight or branched Cj_ 5 alkylene or alkylidene)- 
O — . X is II or C^ 6 alkoxy. Each of Y and Y' is indepen- 
dently H or alkoxy; or Y and Y' taken together are =0, 
=CH 2 , or — 0-(straight or branched Q.jalkylene or 
alkylidene)-0 — . Each of Z and Z' is independently H or 
Cj.g alkoxy; or Z and Z' taken together are =0, =CH 2 , or 
— 0-(straight or branched Cj_ 5 alkylene or alkylidene)-0 — . 

The invention features compounds of sufficient stability to 
be suitable for pharmaceutical development. The invention 
also features pharmaceutically acceptable salts of disclosed 
compounds, disclosed novel synthetic intermediates, phar- 
maceutical compositions containing one or more disclosed 
compounds, methods of making the disclosed compounds or 
intermediates, and methods of using the disclosed com- 
pounds or compositions. Methods of use include methods 
for revcrsibly or irreversibly inhibiting mitosis in a cell, and 
for inhibiting cancer or tumor growth in vitro, in vivo, or in 
a patient. The invention also features methods for identify- 
ing an anti-mitotic or anti-cancer agent, such as a reversible 
or, preferably, an irreversible agent. 

DETAILED DESCRIPTION OF THE 
INVENTION 
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D. Pharmacological Activity 

E. Uses 

A. Definitions 

The following terms are defined in part below and by their 
usage herein. 

Hydrocarbon skeletons contain carbon and hydrogen 
atoms and may be linear, branched, or cyclic. Unsaturated 
hydrocarbons include one, two, three or more C — C double 
bonds (sp 2 ) or C — C triple bonds (sp). Examples of unsat- 
urated hydrocarbon radicals include ethynyl, 2-propynyl, 

1- propenyl, 2-butenyl, 1,3-butadienyl, 2-pentenyl, vinyl 
(ethenyl), allyl, and isopropenyl. Examples of bivalent 
unsaturated hydrocarbon radicals include alkenylenes and 
alkylidenes such as methylidyne, ethylidene, ethylidyne, 
vinylidene, and isopropylidene. In general, compounds of 
the invention have hydrocarbon skeletons ("A" in formula 
(I)) that are substituted, e.g., with hydroxy, amino, cyano, 
azido, heteroaryl, aryl, and other moieties described herein. 
Hydrocarbon skeletons may have two geminal hydrogen 
atoms replaced with oxo, a bivalent carbonyl oxygen atom 
(=0), or a ring-forming substituent, such as — 0-(straight 
or branched alkylene or alkylidene)-0 — to form an acetal or 
ketal. 

Cj_ 6 alkyl includes linear, branched, and cyclic 
hydrocarbons, such as methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, sec- 
pentyl, neo-pentyl, tert-pentyl, cyclopentyl, hexyl, isohexyl, 
sec-hexyl, cyclohexyl, 2-methylpentyl, tert-hexyl, 2,3- 
dimethylbutyl, 3,3-dimethylbutyl, 1,3-dimethylbutyl, and 
2,3-diraethyl but-2-yl. Alkoxy (—OR), alkylthio (— SR), 
and other alkyl-derived moieties (substituted, unsaturated, 
or bivalent) are analogous to alkyl groups (R). Alkyl groups, 
and alkyl-derived groups such as the representative alkoxy, 
haloalkyl, hydroxyalkyl, alkenyl, alkylidene, and alkylene 
groups, can be C 2 _ 6 , C 3 _ 6 , Cj. 3 , or C 2 . 4 . 

Alkyls substituted with halo, hydroxy, amino, cyano, 
azido, and so on can have 1, 2, 3, 4, 5 or more substituents, 
which are independently selected (may or may not be the 
same) and may or may not be on the same carbon atom. For 
example, haloalkyls are alkyl groups with at least one 
substituent selected from fluoro, chloro, bromo, and iodo. 
Haloalkyls may have two or more halo substituents which 
may or may not be the same halogen and may or may not be 
on the same carbon atom. Examples include chloromethyl, 
periodomethyl, 3,3-dichloropropyl, 1,3-difluorobutyl, and 
1 -bromo-2-chloropropyl. 

Heterocyclic radicals and heteroaryls include furyl, 
pyranyl, isobcnzofuranyl, chromenyl, xanthenyl, 
phenoxathienyl, 2H-pyrrolyl, pyrrolyl, imidazolyl (e.g., 1-, 

2- or 4-imidazolyl), pyrazolyl, isothiazolyl, isoxazolyl, 
pyridyl (e.g., 1-, 2-, or 3-pyridyl), pyrazinyl, pyrimidinyl, 
pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, indolyl 
(e.g., 1-, 2-, or 3-indolyl), indazolyl, purinyl, 
4H-quinolixinyl, isoquinolyl, quinolyl, phthalazinyl, 
naphthyridinyl, quinoxalinyl, quinazolyinyl, cinnolinyl, 
pteridinyl, pyrrolinyl, pyrrolidinyl, iraidazolidinyl, 
pyrazolidinyl, pyrazolinyl, piperidyl, piperazinyl, indolinyl, 
isoindolinyl, and morpholinyl. Heterocyclic radicals and 
heteroaryls may be linked to the rest of the molecule at any 
position along the ring. Heterocyclic radicals and heteroar- 
yls can be C 2 _ 0 , or smaller, such as C 3 _ 6 , C 2 _ s , or C 3 _ 7 . 

Aryl groups include phenyl, benzyl, naphthyl, tolyl, 
mesityl, xylyl, and cumenyl. 

It is understood that "heterocyclic radical", "aryl", and 
"heteroaryl" include those having 1, 2, 3, 4, or more sub- 
stituents independently selected from lower alkyl, lower 
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alkoxy, amino, halo, cyano, nitro, azido, and hydro xyl. 
Heterocyclic radicals, heteroaryls, and aryls may also be 
bivalent substituents of hydrocarbon skeleton "A" in for- 
mula (1). 

5 B. Halichondrin Analogs 

Referring to formula (I) in the Summary section, embodi- 
ments of the invention include compounds wherein n is 0; 
wherein each of D and D' is independently selected from R 3 , 
Cj. 3 alkoxy, and C lm3 haloalkyloxy; wherein R 5 is selected 

10 from H, C 2 . 6 alkyl, C 1 . 6 haloalkyl, C x . 6 hydroxyalkyl, C 3 . 6 
aminoalkyl, C 6 . 10 aryl, C 6 . 10 baloaryl, C^ 10 hydroxyaryl, 
alkoxy-C 6 aryl, G^aryl-C^ alkyl, C lm6 alkyl-C 6 . 10 
aryl, C 6 , 10 haloaryl-C.,, 6 alkyl, Cj. 6 alkyl-C^jQ haloaryl, 
(Cj. 3 alkoxy-C 6 aryl)-Cj. 3 alkyl, C 2 , 9 heterocyclic radical, 

15 C 2 . 9 heterocyclic radical-C a , 6 alkyl, C 2 . 9 heteroaryl, and 
C 2 . 9 hctcroaryl-Cj.6 alkyl; and combinations thereof. 

Other embodiment includes compounds having one or 
more of the following characteristics: (a) wherein A is a C 3 _ 6 

20 saturated or C 2 . 6 unsaturated hydrocarbon skeleton, the 
skeleton having at least one substituent selected from cyano, 
halo, azido, Q 3 , and oxo; (b) each Q 3 is independently 
selected from OR a , SR 3 , S0 2 R lF OS0 2 R 3 , NR 2 R 3 , NR 2 
(CO)Rj, NR 2 (CO)R 3 , and 0(CO)NR 2 R 3 ; (c) Z and Z' taken 

25 together are =0 or — CH 2 ; (d) wherein each Q 3 is inde- 
pendently selected from 0R 3 , SR 3 , S0 2 R 3 , OS0 2 R 3 , 
NH(C0)Rj, NH(C0XC0)R a , and 0(CO)NHR 3 ; (e) each R 3 
is independently selected from C 3 _ 6 alkyl, C 3 _ 6 haloalkyl, C 6 
aryl, C 6 haloaryl, C,^ alkoxy-C 6 aryl, C 6 aryl-C^-, alkyl, 

30 C u3 alkyl -C 6 aryl, C 6 haloaryl-C^ alkyl, C,_ 3 alkyl-C 6 
haloaryl, (C 3 _ 3 alkoxy-C 6 aryl)-C 3 . 3 alkyl, C 2 . 9 heterocyclic 
radical, Gj.g heteroaryl, and C 2 . 9 heteroaryl-Cj. 6 alkyl; (f) 
one of D and D' is methyl or methoxy and the other is II; (g) 
n is 0; (h) G is O; (i) J and J' taken together are =CH 2 ; (j) 
Q is methyl; (k) T is ethylene; (1) U and U 1 taken together are 
=CH 2 ; (m) X is H; (n) each of Y and Y' is H; and (o) Z and 
Z' taken together are=0. Examples of combinations are the 
combination of (h)-(m), the combination of (a) and (b), the 
combination of (f) and (h), and the combination of (h) and 

^ where one of D and D' is methyl and the other is H. Two 
particularly preferred compounds are B1793 and B13939. 

Another embodiment includes compounds wherein Qi is 
independently selected from 0R lt SR lf S0 2 Rj, and 
0S0 2 R 3 ; and each R : is independently selected from C i _ 6 

45 alkyl, C a . 6 haloalkyl, C 6 aryl, C 6 haloaryl, Cj.-j alkoxy-C 6 
aryl, C 6 aryl-C 1 . 3 alkyl, C 3 . 3 alkyl-C G aryl, C 6 haloaryl-Cj. 3 
alkyl, Cj. 3 alkyl-C 6 haloaryl, and (Cj. 3 alkoxy-C 6 aryl)-C 3 . 3 
alkyl. Other embodiments include compounds wherein: one 
of D and D' is alkyl or alkoxy, where n is 1; (f) as above, 

50 where n is 1; E is alkoxy, where n is 1; n is 0, where one of 
D and D' is hydroxy and the other is H; and (f) as above, 
where n is 1 and E is methyl. 

The invention also features compounds wherein: (1) A has 
at least one substituent selected from hydroxyl, amino, 

55 azido, halo, and oxo; (2) A is a saturated hydrocarbon 
skeleton having at least one substituent selected from 
hydroxyl, amino, and azido (e.g., B1793,B13939, B2042, 
B1794, and B1922); (3) A has at least two substituents 
independently selected from hydroxyl, amino, and azido 

60 (e.g., B2090 and B2136); (4) A has at least two substituents 
independently selected from hydroxyl and amino (e.g., 
B2042 and B2090); (5) A has at least one hydroxyl sub- 
stituent and at least one amino substituent (e.g., B1939 and 
B2136); (6) A has at least two hydroxyl substituents (e.g., 

65 B1793 and B1794); (7) A is a C 2 . 4 hydrocarbon skeleton that 
is substituted (e.g., B2004, B2037, B1920, B2039, B2070, 
B2090, and B2043); (8) A is a C 3 hydrocarbon skeleton that 
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is substituted (e.g., B1793, B1920, B1984, B1988, B1939, 
B1940, B2014); (9) A has an (S)-hydroxyl alpha to the 
carbon atom linking A to the ring containing G (e.g., B1793, 
B1939 or B1920) or an (R)-hydroxyl (e.g. B2102, B2013, 
B2042); and (10) A is a C 3 _ 6 saturated hydrocarbon skeleton 
having at least one substituent selected from hydroxyl and 
cyano (e.g., B2013, B2037, B2102, B2086, and B2091). By 
(S)-hydroxyl is meant the configuration of the carbon atom 
having the hydroxyl group is (S). Embodiments of the 
invention also include compounds which have at least two 
substituents on the carbon atoms (1) alpha and gamma, (2) 
beta and gamma, or preferably (3) alpha and beta to the 
carbon atom linking A to the ring containing G. The alpha, 
beta, and gamma carbon atoms can have an (R) or (S) 
configuration 

The invention further provides preferred compounds hav- 
ing the formula (1) -A, shown below, wherein the substitu- 
ents are identical to those defined above. 

Formula 1-A 




The invention further features the following monosaccha- 
ride intermediate having formula (II): 

Formula (tl) 




wherein R is methyl or metboxy, and each of PI, P2, and P3 
is independently selected from H and primary alcohol pro- 
tecting groups. Preferably, the diol sidechain is below the 
plane of the page and OP2 is above the plane of the page. 
Primary alcohol protecting groups include esters, ethers, 
silyl ethers, alkyl ethers, and alkoxyalkyl ethers. 

Examples of esters include formates, acetates, carbonates, 
and sulfonates. Specific examples include formate, benzoyl 
formate, chloroacetate, trifluoroacetate, methoxyacetate, 
triphenylmethoxy acetate, p-chlorophe no xy acetate, 
3-phenylpropionate, 4-oxopentanoate, 4,4-(ethylenedithio) 
pentanoate, pivaloate, crotonate, 4-methoxy-crotonate, 
benzoate, p-phenylbenzoate, 2,4,6-trimethylbenzoate, car- 
bonates such as methyl, 9-fluorenylinethyl, ethyl, 2,2,2- 
trichloroethyl, 2-(trimethylsilyl)ethyl, 2-(phenylsulfonyl) 
ethyl, vinyl, allyl, and p-nitrobenzyl. 

Examples of silyl ethers include trimethylsilyl, 
triethylsilyl, t-butyldimethylsilyl, t-butyldiphenylsilyl, 
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triisopropylsilyl, and other trialkylsilyl ethers. Alkyl ethers 
include methyl, benzyl, p-methoxybenzyl, 3,4- 
dimethoxybenzyl, trityl, t-butyl, allyl, and allyloxycarbonyl 
ethers or derivatives. Alkoxyalkyl ethers include acetals 

5 such as methoxymethyl, methy lthiomethyl, 
(2-methoxyetboxy)methyl, benzyloxymethyl, beta- 
(trimethylsilyl)ethoxymethyl, and tetrahydropyranyl ethers. 
Examples of benzyl ethers include p-methoxybenzyl 

10 (MPM), 3,4-dimethoxybcnzyl, O-nitrobenzyl, 
p-nitrobenzyl, p-halobenzyl, 2,6-dichlorobenzyl, 
p-cyanobenzyl, 2- and 4-picolyl. Preferably, each of PI and 
P2 are TBS and P3 is MPM (see alcohol 19 below). In one 
aspect, formula (II) can be modified so the hydroxyethyl 

is sidechain can also be a protected hydroxyl, — CH 2 CH 2 0— 
P4, wherein P4 is independently selected from values for PI. 
A related intermediate is alcohol 17, where the hydroxyethyl 
sidechain is a hydroxymethyl sidechain. A corresponding 
hydroxypropyl sidechain, or aminoalkyl side chain, can be 

20 similarly prepared. 

PI and P2, taken together, can be a diol protecting group, 
such as cyclic acetals and ketals (methylene, ethylidene, 

25 benzylidenes, isopropylidene, cyclohexylidene, and 
cyclopentylidene), silylene derivatives such as di-t- 
butylsilylene and 1,1,3,3-tetra-isopropylidisiloxanylidene 
derivatives, cyclic carbonates, and cyclic boronates. Meth- 
ods of adding and removing such hydroxyl protecting 

30 groups, and additional protecting groups, are well-known in 
the art and available, for example, in P. J. Kocienski, 
Protecting Groups, Thieme, 1994, and in T. W. Greene and 
P. G. M, Wuts, Protective Groups in Organic Synthesis, 2 nd 
edition, John Wiley & Sons, 1992. 

35 

The following section provides representative syntheses 
of intermediates of formula (II) and halichondrin analogs of 
formula (I). 

40 

C. Synthesis of Halichondrin Analogs 

An overview is provided below, followed by synthetic 
schemes 1-16, and several detailed protocols. 

45 

Compounds of general formula 4 can be prepared by the 
route outlined in Scheme li Key fragment F-2 exemplified 
by vinyl iodide compound X2 can be prepared according to 
the procedure of Kishi, et al. (Total synthesis of halichondrin 
50 B and norhalichondrin B. Aicher, T. D.; Buszek, K. R.; Fang, 
F. G.; Forsyth, C. J.; Jung, S. H.; Kishi, Y; Matelich, M. C; 
Scola,. M.; Spero, D. M.; Yoon, S. K. 7. Am. Chem. Soc. 
1992, 114, 3162-4). 
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rearrangement, protecting group adjustment and DIBALH 
XF3 reduction furnished key fragment 1 (e.g., 114), which was 
converted to final compound in a manner analogous to that 
5 described in Scheme 6. 

Fluorine atoms could be introduced as described in 
Schemes 12-14. Beginning with the appropriate tetrahydro- 
jo furan intermediate, fluorinated key fragment 1 was obtained 
and carried to final compound in a manner analogous to that 
illustrated in Scheme 6. 
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Key fragment F-3 can be obtained by DIBALH reduction 
of the corresponding methyl ester, XF3, prepared according 
to the procedure of Stamos, et al (Scheme 2). [Synthetic 
studies on halichondrins: a practical synthesis of the 
C.1-C.13 segment. Stamos, D. P.; Kishi, Y. Tetrahedron 
Leu. 1996, 37, 8643-8646]. Synthesis of key fragment F-1 20 
exemplified by compound 20 can be synthesized as 
described in Scheme 3 or Scheme 4. 

Using B1793 as a representative example, coupling of the 
three key fragments proceeded as outlined in Scheme 5: 
Nozaki-Hiyama-Kishi coupling of fragments 20 and X2 25 
followed by intramolecular Williamson ether formation fur- 
nished tetrahydropyran B2318. Protecting group modifica- 
tion as described in Scheme 5 or alternatively in Scheme 6 
afforded primary iodide B2313. Halogen-metal exchange 
reaction and coupling with key fragment F-3 furnished a 
mixture of diastcreomcric alcohols B2308. Additional pro- 
tecting group manipulation and oxidation followed by an 
intramolecular Nozaki-Hiyama-Kishi reaction afforded an 
intermediate, which when oxidized and treated with TBAF 
underwent intramolecular hetero-Michael ring closure. PPTs 
mediated acetal formation furnished B1793. 

Aryl groups can be incorporated into the C32 sidechain 
(e.g. B2043) as exemplified in Scheme 7. Intermediate 
B2318 was deprotected and the resulting diol oxidatively 
cleaved to the corresponding aldehyde. Treatment with a 
Grignard reagent (e.g. p-F — PhMgBr), separation of the 
resulting diastcreomcrs and silylation furnished 204, which 
was converted to final product in a manner similar to that 45 
described in Scheme 6. 

Ether analogs can be prepared from B1793 by treatment 
with an appropriate alkylating agent (e.g. Scheme 8). 
Similarly, sulfonates, esters, carbamates, etc. can be pre- 
pared from B1793 by treatment with an activated carbonyl 
component. Oxidative diol cleavage and reduction or selec- 
tive hydroxyl group oxidation could furnish derivatives such 
as B2037 and B1934, respectively. 

Alternatively, one or more hydroxyl groups could be 
converted to the corresponding amino groups with subse- 
quent coupling with an activated carbonyl component 
(Scheme 9), Displacement of the sulfonyl intermediate (e.g. 
B1920) by carbon or heteroatom nucleophiles could also be 
readily accomplished (Scheme 10). 

C31 methyl analogs can be prepared as outlined in 
Scheme 11. Indium mediated coupling of an allyl bromide 
ester with 2,3-0-(3-isopropylidine)-D-glyceraldehyde fur- 
nished lactone 103. Hetero Michael addition, lactone 
reduction, Wittig coupling and intramolecular Michael addi- 
tion furnished tetrahydrofuran 107. Pummerer 



Triol derivatives could be similarly prepared from the 
tetrahydrofuran intermediate. For example, as outlined in 
Scheme 15 allyltributylstannane addition to aldehyde X32 
furnished bomoallylic alcohol 33 that was carried to final 
compound in a similar manner to that described in Scheme 
6. lliese trio Is could be further modified as exemplified in 
Scheme 6. 

The 1,3 diol derivatives could be prepared from interme- 
diates previously described. For example, B2086 could be 
oxidatively cleaved and reduced to afford 1,3-diol B2091 
(Scheme 16). 
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EXPERIMENTAL SECTION 



Synthesis of Key Fragment F-3: 



Me0 2 C 



^ ^OTBS 




DIBALH r 



XF-3 
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Key Fragment F-3. DIBALH (1 M in toluene, 3.86 mL) 
was added to a solution of XF-3 (1.46 g, 1.93 mmol) in 
toluene (37 mL) at -78° C. After stirring for 10 min, the 
reaction was quenched by careful addition of MeOH (0.46 
65 mL) and H 2 0 (0.21 mL), warmed to rt and stirred for 15 
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min. The white suspension was filtered through Celite with 
1:1 CH^jC^/E^O. The filtrate was concentrated and purified 
by column chromatography (10% EtOAc-hexanes) to give 
key fragment F-3 (1.34 g, 96%) as an oil. 
Synthesis of B1793: 



HO OH 




CHO TBDPSa 



HQ 



OH 



^OTBDPS 



Triol 1 A solution of TBDPSC1 (444 mL, 1 .7 mol) in DMF 
(0.5 L) was added in three portions to a suspension of 
L-arabinose (250.0 g, 1.66 mol), imidazole (231.4 g, 3.40 
mol) and DMF (2.5 L). The addition of each portion took 1.5 
h with a 30 min and a 15 h interval separating the second and 
third portions, respectively. The resulting solution was 25 
stirred for 3 h, concentrated and purified by flash chroma- 
tography (5% to 33% EtOAc-hexanes) to provide triol 1 
(394 g, 61%). 



AC2O, pyridine 



HO "o' 



35 



AcO' 




OTBDPS 
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aqueous layer was extracted with EtOAc (3x600 mL) and 
the combined organic layers were dried over Na 2 S0 4 , con- 
centrated and purified by flash chromatography (5% to 10% 
EtOAc-hexanes) to furnish a mixture of diacetates 3 (108 g, 
69%). 



10 



15 



20 




OTBDPS 



Diol 4a Solid K2CO3 (72 mmol).was added to diacetates 
3 (108 g, 218 mmol) in MeOH (0.5 L) at rt. The suspension 
was stirred for 2.5 h and then concentrated. The orange 
residue was suspended in saturated aqueous NH 4 G (150 
mL), extracted with EtOAc (3x150 mL) and the combined 
organic layers were dried over Na 2 S0 4 , concentrated and 
purified by flash chromatography (15% to 50% EtOAc- 
hexanes) to afford alpha-isomer 4a (33.86 g, 37%), and 
beta-isomer 4b (58 g, 1 



40 
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/\A n A/ 



^OTBDPS ' 



TBSCL 



Triacetate 2 Acetic anhydride (6.06 mol) was added over 
1.5 h to triol 1 (1.01 mol) in pyridine (1.0 L) at 15° C. The 
solution was stirred for 1 h, concentrated and purified by 45 
flash chromatography (15% to 25% EtOAc-hexanes) to 
afford triacetate 2 (518 g, 97%). 
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Alcohol 5 Imidazole (16.75 g, 246 mmol) and TBSC1 
(16.08 g, 107 mmol) were added to a solution of diol 4a 
(33.86 g, 82 mmol) in CH 2 C1 2 (250 mL) at 0° C. After 18 
h at 0° C. and 5 h at rt, the reaction mixture was diluted with 
saturated aqueous NaHC0 3 (250 mL), stirred for 30 min and 
the layers were allowed to separate. The aqueous layer was 
extracted with EtOAc (3x250 mL) and the combined 
organic layers were dried over Na 2 S0 4 , concentrated and 
purified by flash chromatography (2% to 50% EtOAc- 
hexanes) to furnish alcohol 5 (36.0 g, 83%). 



60 



Diacetates 3 Allyltrirnetbylsilane (1.11 mol) followed by 
BF 3 ,OEt 2 (1.11 mmol) was added over 1.5 h to triacetate 2 
(164 g, 0.32 mol) in toluene (1.5 L) at 0° C. The orange 
solution was stirred for 1 h at 0° C. and for 2 h at rt. The 
mixture was slowly poured into saturated aqueous NaHC0 3 
(1.7 L) at 0° C. and stirred for 30 min. The separated 
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OTBS 




OTBDPS 



Methyl ether 6 Iodometbane (16.5 mL, 265 mmol) and 
NaH (60% in mineral oil, 5.28 g, 132 mmol) were added to 
a solution of alcohol 5 (34.93 g, 66 mmol), THF (320 mL) 
and DMF (80 mL) at 0° C. After 19 h at 0° C, the reaction 
was quenched with saturated aqueous NH 4 C1 and saturated 
aqueous Na 2 S 2 0 3 . The resulting mixture was stirred for 20 
min and the layers were allowed to separate. The aqueous 
phase was extracted with EtOAc (3x200 mL) and the 
combined organic layers were dried over Na 2 S0 4 , concen- 
trated and purified by flash chromatography (3% EtOAc - 
hexanes) to afford methyl ether 6 (34.23 g, 96%). 



MeQ 



OTBS 




MeQ OH 



OH 



Diol 7 HC1 (37% aqueous solution, 12.75 rnL, 153 mmol) 
was added to a solution of methyl ether 6 (32.93 g, 61 mmol) 
in MeOM (110 mL) at rt. After 17 h, NaIIC0 3 (17 g) was 
added to the reaction mixture. The mixture was stirred for 30 
min, concentrated, suspended in EtOAc and filtered. The 
filtrate was concentrated and purified by flash chromatog- 
raphy (50% EtOAc-hexanes to EtOAc) to give diol 7 (10.0 
g, 87%). 
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Olefin 9 Benzyl bromide (62 mL, 521 mmol) and 
Bu 4 NHS0 4 (10.6 g, 31 mmol) were added to a solution of 
alcohol 8 (16.9 g, 62 mmol) in CH 2 C1 2 (100 mL) at 0° C. A 
solution of NaOH (9.95 g, 248 mmol) in H 2 0 (10 mL) was 
added to the reaction mixture over 15 min. After 30 min at 
20 0° C. and 18 h at rt, the reaction mixture was diluted with 
saturated aqueous NH 4 C1 and extracted with CH 2 C1 2 (3x100 
rnL). The combined organic layers were dried over Na 2 S0 4 , 
concentrated and purified by flash chromatography (hexanes 
to 30% EtOAc-hexanes) to afford olefin 9 (22.1 g, 98%). 

25 




AD 



MeQ pBn 



35 



10 



Diol 10 Os0 4 (0.1 M solution in toluene, 7.3 mL, 0.73 
mmol) and a solution of olefin 9 (24.9 g, 69 mmol) in 
t-BuOH (165 mL) were added to a solution of K 2 C0 3 (31.2 
g, 161 mmol), K 3 Fe(CN) 6 (74.4 g, 161 mmol), (DHQ) 2 PYR 
(1.33 g, 1.50 mmol), H 2 0 (500 mL) and t-BuOH (330 mL) 
at 0° C. After 3 h at 0° C, Na 2 S 2 O s .5 H 2 0 (37.3 g, 150 
mmol) was added. The reaction mixture was warmed to rt, 
stirred for 1 h and extracted with EtOAc (3x300 mL). The 
combined organic layers were dried over Na^O^ concen- 
trated and purified by flash chromatography (5% 
isopropanol-CH 2 Cl 2 ) to provide diol 10 (17.98 g, 75%). 



MeQ OBn 
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Alcohol 8 A solution of pivaloyl chloride (8.4 mL, 67 
mmol) in pyridine (50 mL) was added over 1.5 h to a 
solution of diol 7 (12.24 g, 65 mmol) in pyridine (100 mL) 
at 0° C. After 1 h at 0° C. and 18 b at rt, the mixture was 
diluted with saturated aqueous NH 4 C1 and extracted with 
EtOAc (3x800 mL). The combined organic layers were 
dried over Na 2 S0 4 , concentrated and purified by flash 
chromatography (50% EtOAc-hexanes) to furnish alcohol 8 
(16.9 g, 96%). 



MeQ OBn 



TBSO i f 



.OPv 



65 Silyl ether 11 Imidazole (21 g, 308 mmol) and TBSC1 
(26.5 g, 176 mmol) were added to a solution of diol 10 (17.4 
g, 44 mmol) in DMF (90 mL) at rt. After 18 h, the reaction 
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mixture was diluted with saturated aqueous NaHC0 3 (250 
mL), stirred for 1 h and extracted with CH 2 C1 2 (3x100 mL). 
The combined organic layers were dried over Na 2 S0 4 , 
concentrated and purified by flash chromatography (5% 
EtOAc-hexanes) to afford silyl ether 11 (25.7 g, 94%). 
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Alcohol 12 A mixture of silyl ether 11 (21.2 g, 33.8 
mmoi), Pd(0H) 2 (20%, 4.7 g, 33.8 mmol) and EtOAc (200 
mL) was stirred at rt under 1 atm H 2 for 3 h. The mixture was 
filtered through Celite, concentrated and purified by flash 
chromatography (10% to 20% EtOAc-hexanes) to afford' 
alcohol 12 (17.4 g, 
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Alcohol 14 9-BBN (0.5 M in THF, 165 mL, 83 mmol) was 
added to a solution of olefin 13 (12.78 g, 24 mmol) in THF 
(280 mL) at 0° C, After stirring for 5 h at rt, the reaction 
mixture was recooled to 0° C. at which time H 2 0 (200 mL), 
20 THF (100 mL) and NaB0 3 .4 H 2 0 (75 g) were added. The 
mixture was warmed to rt, stirred for 16 h and then con- 
centrated. T*he aqueous residue was extracted with EtOAc 
(4x300 mL) and the combined organic layers were dried 
over Na 2 S0 4 . Concentration and purification by flash chro- 
matography (20% to 35% EtOAc-hexanes) afforded alcohol 
14 (12.05 g, 91%). 
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Olefin 13 4-MethylmorpboIine N-oxide (7.66 g, 65 
mmol) and TPAP (1.15 g, 3.26 mmol) was added in four 
portions over 20 min to a solution of alcohol 12 (17.4 g, 32.5 
mmol) in CH 2 C1 2 (145 mL) at 0° C. After 20 min, the 
reaction mixture was diluted with Et 2 0 (50 mL) and satu- 
rated aqueous Na 2 S 2 0 5 (50 mL) and filtered through Celite. 
The organic layer was separated, washed sequentially with 
saturated aqueous CuS0 4 -brine (1:1) and brine, dried over 
Na 2 S0 4 , filtered through Celite, and concentrated to afford 
the desired crude ketone. 

Tebbe reagent was prepared by stirring bis 
(eyctopentadienyl)titanium (1 1 .36 g, 45.6 mmol) and Me 3 Al 
(2.0 M in toluene, 45.6 mL, 91.2 mmol) for 4 days at rt. This 
material was cooled to -25° C. and a solution of crude 
ketone in THF (150 mL) was added. The reaction mixture 
was warmed to 0° C, stirred for 30 min, quenched by slow 
addition of 0.1 N NaOH (3.5 mL), and then stirred for an 
additional 20 min at rt. The mixture was diluted with E^O, 
filtered through Celite and concentrated. The residue was 
dissolved in CH 2 C1 2 , filtered through basic A1 2 0 3 , concen- 
trated and purified by flash chromatography (5% EtOAc- 
hexanes) to give olefin 13 (12.8 g, 74% for two steps). 



Alcohol 15 DMSO (9 mL, 127 mmol) was added to a 
solution of oxalyl chloride (5.6 mL, 64 mmol) in CH 2 C1 2 
(350 mL) at -78° C. After stirring for 15 min, a solution of 

45 alcohol 14 (11.7 g, 0.021 mmol) in CH 2 C1 2 (50 mL) was 
added and stirring was continued for 1 h, after which Et 3 N 
(26.7 mL, 192 mmol) was added. The reaction mixture was 
warmed to 0° C, stirred for 15 min, diluted with saturated 
aqueous NH 4 C1, and extracted with CH 2 C1 2 (3x200 mL). 

50 The combined organic layers were dried over Na 2 S0 4 and 
concentrated to furnish the desired crude aldehyde. 

This material was dissolved in CH 2 C1 2 (200 raL) and 
treated with EtgN (20 raL) at rt. After stirring overnight, the 
reaction mixture was diluted with saturated aqueous NH 4 C1 
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organic layers were dried over Na 2 S0 4 , concentrated and 
filtered through a short Si0 2 column (20% EtOAc-hexanes) 
to afford the crude epimerized product. 

The aldehyde was dissolved in Et 2 0 — EtOH (1:1, 100 
mL), cooled to 0° C. and treated with sodium borohydride 
(1.21 g, 32 mmol). The mixture was stirred for 20 min, 
carefully diluted with saturated aqueous NH 4 C1, stirred for 
30 min at rt and extracted with CH 2 C1 2 (3x150 mL). The 
combined extracts were dried over Na 2 S0 4 , concentrated 
and purified by flash chromatography (20% EtOAc- 
hexanes) to afford alcohol 15 (9.95 g, 85% for three steps). 



US 6,214,865 Bl 



35 



TBSO 




a n MPMOTC1 c 



MeQ 



TBSO 



TBSO, 




OMPM 



-OFv 



10 



15 



MPM-ether 16 BF 3 .OEL, (0.1 M in CH 2 C1 2 , 1.8 mL, 0.18 
ramol) was added to a solution of alcohol 15 (9.87 g, 18 
mmol), MPM-trichloroimidale (4.9 mL, 27 mmol) and 
CH 2 C1 2 (175 mL) at 0° C. After 40 min, a second portion of 
BF 3 .OEt2 (0.1 M in CH 2 C1 2 , 0.9 mL, 0.09 mmol) was added 
to the reaction mixture. After 20 min, the reaction was 
quenched with saturated aqueous NH 4 C1, stirred for 1 h at rt 
and diluted with E^O (600 mL). The organic layer was 
separated and the aqueous layer was extracted with Et 2 0 
(150 mL). The combined organic extracts were washed 
sequentially with 0.1 N aqueous NaOH, saturated aqueous 
NaHC0 3 , brine, dried over Na 2 S0 4 , concentrated and puri- 
fied by flash chromatography (20% EtOAc-hexancs) to give 
MPM-ether 16 (10.20 g, 85%). 
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Olefin 18 DMSO (5,8 mL, 82.4 mmol) was added to a 
solution of oxalyl chloride (3.6 mL, 41.2 mmol) in CH 2 C1 2 
(100 mL) at -78° C. After 15 min, a solution of alcohol 17 
(7.94 g, 13.5 ramol) in CH 2 C1 2 (35 mL) was added to the 
reaction mixture. After stirring for 1 h, Et 3 N (17 mL, 122 
ramol) was added, the mixture was wanned to 0° C, stirred 
for 20 min, diluted with saturated aqueous NH 4 C1 and then 
extracted with CH 2 C1 2 (3x100 mL), The combined organic 
extracts were dried over N^SO^ concentrated and filtered 
through a short Si0 2 column (20% EtOAc-hexanes) to 
furnish the desired crude aldehyde. 

n-BuLi (1.6 M, 20 mL, 30 mmol) was added dropwise to 
a solution of CH 3 PPh 3 Br (10.1 g, 30 mmol) in THF (350 
mL) and DMSO (100 mL) at 0° C. After 1 h, a solution of 
the crude aldehyde in THF (50 mL) was added. The reaction 
mixture was warmed to rt and stirred for 3 h. Saturated 
aqueous NH 4 C1 was added and the mixture was extracted 
with EtOAc (3x500 mL). The combined extracts were 
washed with brine, dried over Na 2 S0 4 , concentrated and 
purified by flash chromatography (7% EtOAc-hexanes) to 
afford olefin 18 (5,57 g, 71% yield for 2 steps). 
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Alcohol 17 LAH (1 M in THF, 22.5 mL, 22.5 mmol) was 
added to a solution of MPM-ether 16 (10.05 g, 15 mmol) in 
Et 2 0 (1.0 L) at 0° C. After 30 min, the reaction was 
cautiously quenched with H 2 0 (1,3 mL), and 1 N aqueous 
NaOH (1.3 mL). After stirring for 1 h at rt, the suspension 
was filtered through Celite, concentrated and purified by 
flash chromatography (20% EtOAc-hexanes) to afford alco- 
hol 17(8.18 g, 93%). 
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Alcohol 19 9-BBN (0.5 M in THF, 65 mL, 33 mmol) was 
added to a solution of olefin 18 (5.56 g, 9.6 mmol) in THF 
(85 mL) at 0° C. The mixture was stirred for 5 h at rt and 
then recooled to 0° C. H 2 0 (200 mL), THF (100 mL), and 
NaB0 3 .4 H 2 0 (30 g) were sequentially added. After stirring 
overnight at rt, the organic volatiles were removed under 
reduced pressure. The aqueous residue was extracted with 
EtOAc (3x200 mL) and the combined organic layers were 
dried over Na 2 S0 4 , Concentration and purification by flash 
chromatography (30% EtOAc-hexanes) afforded alcohol 19 
(12.05 g, 92%). 
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Aldehyde 20 DMSO (136 mL, 19.2 mmol) was added 
dropwise over 4 min to a solution of oxalyl chloride (1.26 
mL, 14.4 mmol) in CH 2 C1 2 (120 mL) at -78° C. After 
stirring for 10 min, a solution of alcohol 19 (5.76 g, 9.61 
mmol) in CH 2 C1 2 (20 mL) was added via cannula. The 
transfer was completed by rinsing with additional CH 2 C1 2 
(2x5 mL). After stirring for 20 min, the mixture was treated 
with Et 3 N (5.36 mL, 38.4 mmol) and stirred for 10 min at 
-78° C, 30 min at 0° C. and 10 min at rt. The reaction 
mixture was poured into saturated aqueous NaHC0 3 (200 
mL) and the separated aqueous layer was extracted with 
CH 2 C1 2 (3x) followed by EtOAc (100 mL). The combined 
organic phases were dried over Na 2 S0 4 , concentrated and 
purified by column chromatography (10% to 20% EtOAc- 
hexanes) to furnish aldehyde compound 20 (5.28 g, 92%) as 
an oil. 




B2318 0.1% NiCl 2 /CrCl 2 (w/w, 3.21 g) and 1% NiCl 2 / 
CrCl 2 (w/w, 4.31 g) was added to a solution of aldehyde 20 
(3.73 g, 6.25 mmol), key fragment F-2 exemplified by vinyl 
iodide X2. (5.10 g, 9.16 mmol), THF (85 mL) and DMF (21 
mL) at rt in a glove box. The reaction mixture was stirred for 
24 h, removed from the glove box, cooled to 0° C, diluted 
with EtOAc (100 mL), quenched with saturated NH 4 C1 (200 
mL) and stirred for 30 min. The separated aqueous phase 
was extracted with EtOAc (6x) and the combined organic 
layers were dried over Na 2 S0 4 concentrated and purified by 
column chromatography (20% to 30%) to give B2318 (~3 g) 
contaminated with close running impurities and the uncyc- 
li/ed intermediate (4.61 g). The latter (4.61 g, 4.48 mmol,) 
was dissolved in THF (150 mL), cooled to 0° C. and treated 
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with KHMDS (0.5 M in toluene, 14 mL, 7.0 mmol) over a 
2 min period. After stirring at 0° C. for 15 min, the reaction 
was quenched with saturated aqueous NH 4 C1 (150 mL) and 
5 warmed to rt. The separated aqueous layer was extracted 
with EtOAc (3x) and the combined organic phases were 
dried over Na 2 S0 4 , concentrated and combined with the 
partially purified product obtained above. Column chroma- 
tography (10% EtOAc-hexanes) afforded B2318 (3.17 g, 
55%) as an inseparable -3:1 mixture of C27 diastereomers. 




B2317 

45 



B2317 DDQ (1.45 g, 6,42 mmol) was added portion-wise 

50 over 30 min to a stirred solution of B2318 (3.12 g, 3.35 
mmol) in CH 2 Cl2 (50 mL) and pH 7 phosphate buffer (5 mL) 
at rt. The reaction was quenched with saturated aqueous 
NaHC0 3 (50 mL), stirred for 5 min, diluted with additional 

55 saturated aqueous NaHC0 3 (100 mL), H 2 0 (200 mL) and 
extracted with EtjO (5x). The combined organic phases 
were dried over Na^SO^ concentrated and purified by 
column chromatography (15% to 30% EtOAc-hexanes) to 

60 give recovered B2318 (1.40 g) and a mixture of the C27 
isomeric products. The recovered B2318 was resubmitted to 
the reaction conditions described above to afford additional 
product. Recovered starting material was again cycled 

65 through the deprotection conditions. All of the desired 
material was combined and separated by MPLC to afford 
B2317 (1.65 g, 61%). 
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B2315 

B2315 LAH (1 M in THF, 2.61 mL, 2.61 mmol) was 
added over 1 min to a solution of B2316 (1.68 g, 1.74 mmol) 
in E^O (80 mL) at 0° C. After stirring for 7 min, the reaction 
was quenched by careful addition of MeOH (0.42 mL, 10.4 
mmol) and H 2 0 (0.19 mL, 10 mmol), warmed to rt and 
stirred for 20 min. Filtration through Cclite with 1:1 
CII 2 C1 2 — Et 2 0, concentration and purification by column 
chromatography (30% to 40% EtOAc-hexanes) gave B2315 
(1.38 g, 90%) as an oil. 
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B2316 TsCl (0.63 g, 3.30 mmol) was added to a solution 
of B2317 (1.60 g, 1.97 mmol) in CH 2 C1 2 (8 mL) and 
pyridine (2 mL) at rt. After stirring for 29 h, the reaction was 
quenched with saturated aqueous NaHC0 3 (30 mL) and 
H 2 0 (10 mL). The separated aqueous layer was extracted 
with Et 2 0 and the combined organic layers were dried over 
Na 2 S0 4 , concentrated and purified by column chromatog- 
raphy (15% to 30% EtOAc-hexanes) to give B2316 (2.01 g, 
92%) as an oil along with recovered B2317 (92 mg, 5.8%). 
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B2314 MMTrCl (0.70 g, 2.26 mmol) was added to a 
solution of B2315 (1.33 g, 1.51 mmol) in CH 2 C1 2 (25 mL) 
and iPr 2 NEt (0.79 mL, 4.53 mmol) at rt. The resulting 
mixture was stirred for 1 h and then poured into a mixture 
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of saturated aqueous NaI IC0 3 (20 mL), H 2 0 (10 mL) and 
Et 2 0 (50 mL). The separated aqueous layer was extracted 
with Et 2 0 (3x). The combined organic phases were dried 
over Na 2 S0 4 , concentrated and purified by column chroma- 
tography (CH 2 C1 2 followed by 15% to 30% EtOAc- 5 
hexanes) to give B2314 (1.65 g, 95%) as a solid foam. 
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B2308 Tert-BuU (1.7 M in pentane, 1.00 mL, 1.7 mmol) 
was added over 1 min to a solution of B2313 (0.90 g, 0.81 
mmol) in Et 2 0 (14 mL) at -78° C. After stirring for 9 mirj, 

20 the mixture was transferred via cannula over 4 min to a 
solution of key fragment F-3 (0.83 g, 1.14 mmol) in Et 2 0 (4 
mL) at -78° C. The transfer was completed by rinsing with 
additional EuO (2 raL). The resultant mixture was stirred at 
-78° C. for 5 min and then at 0° C. for 10 min, quenched 
with saturated aqueous NaHC0 3 (30 mL) and warmed to rl. 

25 The separated aqueous layer was extracted with EuO (3x) 
and the combined organic phases were dried over Na 2 SCL 
and concentrated. The residue was combined with those of 
other two batches (corresponding to 0.11 g and 0.44 g of 
B2313) and purified by column chromatography (10% to 
20% EtOAc-hexanes) to give a mixture of B2307 and B2308 

30 (1.86 g, 83%) as a solid foam. Although the isomers could 
be separated oy prep TLC (20% EtOAc-hexanes), they were 
carried forward as a mixture. 
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B2313 



B2313 A mixture of B2314 (1.60 g, 1.39 mmol) and Nal 
(3.10 g, 20.8 mmol) in acetone (50 mL) was heated under 
reflux for 13 h. After cooling to rt, the reaction mixture was 45 
diluted with EtOAc, and concentrated, H 2 0 (5 mL), brine 
(20 mL) and Na 2 S 2 0 3 (200 mg) were added and the result- 
ing mixture was extracted with Et 2 0 (4x). The combined 
extracts were dried over Na 2 S0 4 , concentrated and purified 
by column chromatography (10% EtOAc-hexanes) to give 
B2313 (1.50 g, 97%) as an oil. 
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B2305, B2306 

B2305 and B2306 The mixture of B2307/B2308 (1.80 g, 
1.05 mmol) was dissolved in EtOH (20 mL), treated with 
PPTS (10.0 mg, 0.04 mmol), stirred at rt for 11 h and then 
quenched with NaHC0 3 (20.0 mg, 0.24 mmol). After stir- 
ring for 15 min, the mixture was concentrated, azeotroped 
with toluene (15 mL), and purified by column chromatog- 
raphy (20% to 30% EtOAc-hexanes) to give a mixture of 
B2305 and B2306 (1.22 g, 81%) as a solid foam. Although 
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the isomers could be separated by prep TLC (30% EtOAc- 

hexanes), they were carried forward as a mixture. 
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To a solution of the alcohol, 2.4 g mg, in methylene 
chloride, 29 rnL, was added triflic anhydride, 770 mg. The 
mixture was stirred for 15 minutes, extracted with saturated 
sodium bicarbonate, dried and chromatrographed to give 



2.737 g, 100%. 

TBSO . . 
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B2304 A mixture of B2305/B2306 (1.16 g, 0.68 mraol), 
and Dess-Martin periodinane (0.61 g, 1.44 mmol) in CH 2 C1 2 
(35 mL) was stirred at rt for 1 h. Additional Dess-Martin 
periodinane (0.54 g, 1.27 mmol) was added to the mixture 
and stirring was continued for an additional 1 h. The mixture 
was diluted with Et 2 0 (100 mL), stirred for 20 rain and 
filtered through Celite with E^O. The colorless filtrate was 
washed with saturated aqueous NaHC0 3 (100 mL) and the 
separated aqueous layer was extracted with Et 2 0 (3x). The 
combined organic phases were dried over Na 2 S0 4 , concen- 
trated and purified by column chromatography (10% to 15% 
EtOAc-hexanes) to give B2304 (0.98 g, 84%) as a solid 
foam. 



Alternatively, B2304 may be prepared as follows and in 
fact the synthesis described below is superior to that given 
above. 
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To a solution of the mesylate, 405 mg, in DMF, 0.06 mL, 
was added di-isopropylethylamine, 0.130 mL, followed by 
benzenethiol, 0.061 mL. After 4 hours and after 22 hours, 
additional amine, 0.03 mL, and benzenethiol, 0.015 mL, 
were added. After 24 hours, the mixture was diluted with 5% 
ethyl acetate/he xane, 1 mL and chromatographed to give 
409 mg. 
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To a solution of the pivaloate ester, 1.567 g, in methylene 
chloride, 11.2 mL, at -78° C. in was added D1BAL, 2.5 mL 
of a 1 M solution in toluene. After 15 minutes, additional 
DIBAL, 0.8 mL, was added. After an additional 5 minutes, 
methanol, 0.46 mL, was slowly added followed by water, 0.2 
25 mL. The mixture was filtered through Celite and chroraato- 
graphed to give 1.386 g of an oil. 

MeQ i SOjPh 
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To a solution of the sulfide, 1.97 g, in acetonitrile, 16 mL, 
was added N-methylmorpholine oxide (NMO), and then a 
solution of 1.02 g, tetrapropyl ammonium pemithenate (VII), 40 
(TPAP), 38 mg, in acetonitrile, 1 mL. After 3.5 hours at 
room temperature, the mixture was heated to 40° C. for 1 
hour. The mixture was cooled and aqueous satd. Sodium 
thiosulfate was added and the mixture partitioned between 45 
water and ethyl acetate. The usual work-up gave 1.567 g of 
a brown oil. 
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To a solution of the sulfone, 36 mg, in DME, 1 mL, at 
-40° C. was added n-butyllithium, 2.8 equivalents. After 35 
minutes, a solution of the aldehyde, 42 mg, in DME, 0.5 mL) 
was added. After 40 minutes, saturated aqueous ammonium 
chloride was added and the mixture extracted with ethyl 
acetate. The usual work-up, followed by chromatography 
gave 52 mg of an oil. 
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To a solution of the alcohol, 42 mg, in methylene chloride, 
2 mL, was added the Dcss Martin reagent, 36,4 mg. The 
mixture was stirred for 30 minutes and ether was added. The 
mixture was filtered through Celite, washed with saturated 
sodium bicarbonate, with saturated sodium thiosulfate, 
worked up in the usual way and chromatographed to give 38 
mg of an oil. 
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Preparation of Sml 2 Solution 

A solution of 1,2-di-iodoethane in 10 mL of THF was 
added to a suspension of Sm, 0.16 g, in THF, 1 mL. The 
mixture was stirred for 1 hour. 

An aliquot of this solution, 0.03 mL, was added to a 
solution of the sulfone in THF at -78° C. After 5 minutes, 
additional SmI reagent, 0.05 mL, as added. After a few 
additional minutes, more reagent, 0.25 mL, was added. The 
cooling bath was removed and saturated aqueous sodium 
bicarbonate, 3 mL, was added. The mixture was partitioned 
between ether and water and the usual work-up gave 9.1 mg, 
81%, of an oil. 
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B2302 and B2303 In a glove box, NiCl 2 /CrCl 2 (1% w/w, 
1.09 g, 8.86 mmol) was added to a solution of B2304 (1.01 
g, 0.70 mmol) in THF (600 mL) and DMF (150 mL) at rt. 
After stirring for 2 days the reaction mixture was taken out 
of the glove box, cooled to 0° C, quenched with saturated 
aqueous NH 4 C1 (300 mL) and stirred at 0° C. for 20 min. 
After addition of H 2 0 (100 mL), the two layers were 
separated and the aqueous layer was extracted with EtOAc 
(5x). The combined organic phases were washed with brine, 
dried over Na 2 S0 4 , concentrated and purified by column 
chromatography (15% EtOAc-hexanes) to furnish a mixture 
of B2302 and B2303 (0.84 g, 92%) as a solid foam. 
Although the isomers could be separated by prep TLC (20% 
EtOAc-hexanes), they were carried forward as a mixture. 
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B2301 A mixture of B2302/B2303 (0.79 g, 0.60 mmol) 
and Dess-Martin periodinane (0.26 g, 0.60 mmol) in CH 2 C1 2 
(30 mL) at rt was stirred for 30 min. Additional Dess-Martin 
periodinane (0,26 g, 0.60 mmol) was added to the mixture 
and stirring was continued for additional 1.5 h. The mixture 
was then diluted with Et 2 0 (100 mL), stirred for 15 min and 



35 



filtered through Celite. The filtrate was washed with satu- 
rated aqueous NaHC0 3 (100 mL) and the separated aqueous 
layer was extracted with Et 2 0 (3x). The combined organic 
phases were dried over NajSO,,, concentrated and purified 
by column chromatography (10% to 15% EtOAc-hexanes) 
to give B2301 (0.67 g, 85%) as an oil. 
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R1793 TBAF (1 M in THF containing 0.5 M imidazole 20 
HC1, 4.60 mL, 4.60 mmol) was added over 2 min to a 
solution of B2301 (0.62 g, 0.48 mmol,) in THF (29 mL) at 
rt and the resulting mixture was stirred for 18 h. After 
dilution with hexanes (10 mL), the reaction mixture was 
directly loaded onto a Si0 2 column packed with 50% 2 5 
EtOAc-hexanes and eluted with 50% EtOAc-hexanes (1 L) 
followed by 10% MeOH/EtOAc to collect a mixture of 
intermediates. After solvent removal, the residue was dis- 
solved in CH 2 C1 2 (15 mL) and treated with PPTS (645 mg). 
After stirring for 1 h at rt, additional PPTS (414 mg) was 30 
added and the resulting white suspension was stirred for 4.5 
h. The reaction mixture was then directly loaded onto a Si0 2 
column packed with 70% EtOAc-hexanes and eluted with 
70% EtOAc/hexanes (0.5 L), EtOAc (1 L). Elution with 5% 
to 10% MeOH/EtOAc furnished pure B1793 (181 mg) and 
elution with 15% MeOH — EtOAc gave additional semi- 
pure product, which after purification by preparative TLC 
(10% MeOH — EtOAc) provided additional pure B1793 (42 
mg). B1793 (total 223 mg, 64%) was obtained as a white 
solid. HRMS: calcd for C 40 H 58 O 32 +Na 753.3826. Found: 
753.3808. 

Synthesis of B1794: 



B1794 Except for stereochemical and protecting group 
differences (Schemes 3 and 5), arabinose was converted to 
B1794 in a manner similar to that described for B1793 (see 
schemes 4 and 5). HRMS: calcd for C 40 II 58 0 12 +Na 
753.3826. Found: 753.3856. 

Synthesis of Representative B1793 Analogs: 
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B1920 and B1921 TsCI (9.9 mg, 0,052 mmol) was added 
to a solution of diol B1793 (7.6 mg, 0.010 mmol) in CH 2 C1 2 
(1 mL) and pyridine (0.1 raL) at rt. After 48 h, the reaction 
was quenched with a 1:4 mixture of saturated aqueous 
NaHC0 3 -brine and extracted with CH 2 C1 2 (4x). The com- 
bined extracts were dried over Na 2 S0 4 and concentrated. 
Purification by preparative TLC (80% EtOAc-hexanes) 
afforded monotosylate B1920 (6.0 mg, 67%), and ditosylate 
B1921 (1.8 mg, 



MeQ 



HO 




20 



B2294 MsCl (0.3 M in CH 2 C1 2 , 98 /<L, 0.030 mmol) was 
25 added dropwise over 40 min to a mixture of collidine (7 /*L, 
0.054 mmol), B1793 (20.8 mg, 0,028 mmol) and CH 2 C1 2 (1 
raL) at 0° C. After 76 h at 4° C, the reaction was quenched 
with a 1:4 mixture of saturated aqueous NaHC0 3 -brine and 
30 extracted with CH 2 C1 2 (4x), The combined extracts were 
dried over Na 2 SO,, and concentrated. The crude product was 
dissolved in toluene (3 mL) concentrated and purified by 
preparative TLC (1.5% MeOH— EtOAc) to afford mesylate 
35 B2294 (21.4 mg, 95%). 
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B2014 and B2015 A 0.016 M solution of 4-fluorobenzyl 
bromide in Et 2 0 (800 /iL, 13 ftmol) and Ag 2 0 (10 mg, 43 
fimol) were each added in three portions at 1 h intervals to 
a rt solution of B1793 (1.7 mg, 2.3 /*mol) in E^O (1.2 mL). 
The mixture was protected from light, stirred for 7 h and 



then filtered through Celite. Concentration and purification 
by preparative TLC (EtOAc) afforded primary ether B2014 
(1.1 mg, 56%), and secondary ether B2015 (0.6 mg, 31%). 
HRMS (FAB): calcd for C 47 H 63 F0 32 +Na 861.4201. Found: 
for B2014 861.4178, for B2015 861.4160. 
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B1992: X = MeO 
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General A mixture of B1793 (1 mg, 1.37 micromol), Et 3 N 
(10 micro L, 72 microrool) and ArNCO (2 to 4 cquiv.) in 
CH 2 C1 2 (0.2 mL) was stirred at rt for 4 h lo overnight until 
the reaction was judged to be complete by TLC The reaction 
mixture was diluted with saturated NaHC0 3 (3 mL), 



B1990 (1.1 mg, 92%) HRMS (FAB): calcd for 
C 4V H 62 C1N0 13 +Na 906.3807. Found: 906.3826. 

B1992 (1.0 mg, 83%) HRMS (FAB): calcd for 
C4fiH 65 NO M +Na 902.4303. Found: 902.4269. 



MeQ 




extracted with CH 2 C1 2 (3x) and EtOAc (2x), dried over 
Na 2 S0 4 and purified by preparative TLC (5% MeOH — 
CH 2 C1 2 ) to afford the products: 



B1984 (1.0 mg, 86%) HRMS (FAB): 
C 47 H 63 N0 33 +Na 872.4197. Found: 872.4214. 



calcd for 



B2042 DEAD (0.4 M in ether, 50,«L, 19/miol) was added 
to a solution of B1793 (2.0 mg, 2.7 //mol), triphenylphos- 
phine (5 mg, 19 jMmol), 4-nitrobenzoic acid (3.2 rag, 19 
65 /miol) and El^O (500 /iL) at rt. After 22 h, the reaction 
mixture was loaded directly onto a preparative TLC plate 
and eluted with 60% EtOAc-bexanes to give the intermedi- 
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ate diester (3.0 mg). This material was taken up in MeOH 
(300 {iL) and treated with K^CO^ (approximately 1 mg). 
After stirring at rt for 30 min, the reaction mixture was 
diluted with brine and extracted with CH 2 C1 2 (5x), The 
combined extracts were dried over Na 2 S0 4 , concentrated 
and purified by preparative TLC (5% MeOH — EtOAc) to 
afford B2042 (1.2 mg, 60% for two steps). HRMS (FAB): 
calcd for C<oH 5a O a2 +Na 753.3826. Found: 753.3810, 
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B1896 and B1897 NaBH„ (3 mg, 0.08 mmol) was added 
to a solution of B1793 (2.30 mg, 3,15 /miol) in 1:1 
CH 2 C1 2 — MeOH (0.2 raL) at rt. Concentration of the reac- 
tion mixture and purification by preparative TLC (8% 
MeOH— EtOAc) provided B1896 (0.80 mg, 35%) and 
B1897 (2:1 mixture, 0.15 mg, 6.5%). HRMS (FAB) for 
B1896: calcd for C 40 H 60 O 12 +Na 755.3983. Found: 
753.3969. 
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B1918 A mixture of B1793 (2.0 mg, 2.74 /*mol), NaI0 4 
(35 mg, 0.16 mmol), MeOH (0.8 mL) and H 2 0 (0.2 mL) was 
stirred at rl for 40 min. The reaction mixture was diluted 
with H 2 0 (1 mL), extracted with CH 2 CI 2 (6x), dried over 
Na 2 S0 4 , concentrated and purified by column chromatog- 
raphy (5% MeOH — CH 2 C1 2 ) to give B1918 (1.9 mg, 100%). 

45 



50 
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B2037 A 0.034 M solution of NaBH 4 (0.1 mL, 3.4 ^raol) 
in EtOH was added portion-wise to a solution of B1918 (1.9 
mg, 2.72 /«nol) in MeOH (0.8 mL) and CH 2 C1 2 (0.2 mL) at 

60 -78° C. to rt until the reaction was judged to be complete by 
TLC. The reaction was quenched with saturated aqueous 
NH 4 C1 (2 mL) at -78° C, warmed to rt, extracted with 
CH 2 C1 2 (6x), dried over Na 2 S0 4 and purified by preparative 

65 TLC (5% MeOH— CH^y to afford B2037 (1 .7 mg, 89%). 
HRMS (FAB): calcd for C 39 H 56 O n +Na 723.3720. Found: 
723.3749. 
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B2035 NaI0 4 (35 mg, 0,16 mmol) was added to a solution h additional 3-bromo-3,3-difluoropropene (1 /<L, 0.008 

of B1793 (1.7 mg, 0.0023 mmol), MeOH (800 juL) and H 2 0 mmol) was added. After 18 h, H 2 0 was added the mixture 

(200 //L) and after 15 min, the mixture was diluted with H 2 0 was extracted with EtOAc (3x). The combined organic 

and extracted with CH 2 C1 2 (5x). 'ITie organic extracts were extracts were washed successively with H 2 0 and brine, 
dried over Na 2 S0 4 , concentrated and the intermediate aide- 40 dried over Na 2 S0 4 , concentrated and purified by preparative 

hyde was immediately dissolved in DMF (300 /*L). TLC (80% EtOAc-bexanes) to provide B2035 (0.74 mg, 

3-Bromo-3,3-difluoropropene (3 /*L, 0.023 mmol) and 41% for 2 steps) as a mixture of isomers. HRMS (FAB): 

indium powder (3 mg, 0.23 mmol) were added and after 24 calcd for C /)2 H 58 F 2 O n +Na 799.3845. Found: 799.3883. 




B1793 




B2008, B2011 NaBH 4 (2 mg, 0.05 ramol) was added to a 
solution of B1793 (2.2 mg, 0.003 mmol) in 1:1 CH 2 C1 2 — 
MeOH (200 //L) at rt. After 15 min saturated aqueous NH 4 C1 
and H 2 0 were added, and the mixture was extracted with 
CH 2 C1 2 (6x) and EtOAc (2x). The combined organic 25 
extracts were dried over Na 2 S0 4 , concentrated and purified 
by column chromatography (10% MeOH — EtOAc) to pro- 
vide an intermediate triol, which was dissolved in MeOH 
(800 /iL) and H 2 0 (200 /<L). Nal0 4 (35 mg, 0.16 mmol) was 
added and after 20 min, the mixture was diluted with H 2 0 30 
and extracted with CH 2 C1 2 (6x), The organic extracts were 
dried over Na 2 S0 4 , concentrated and the intermediate alde- 
hyde was immediately dissolved in THF (500 fiL). 
4-Fluorophenylmagnesium bromide (2M in Et 2 0, 12 /iL, 
0.024 ramol) was added and after 20 min the reaction was 35 
quenched with saturated aqueous NH 4 CL The mixture was 
extracted with CH 2 C1 2 (6x) and the combined organic 
extracts were dried over Na 2 S0 4 and concentrated. Purifi- 



cation by preparative TLC (EtOAc) provided the desired 
product as a mixture of 4 isomers (1.32 mg, 55% for 3 steps). 

Dess-Martin periodinane (~3 mg, 0,007 mmol) was added 
to a solution of the above product (0.95 mg, 0.0012 mmol) 
in CH 2 C1 2 (300 wL) and the mixture was stirred at rt for 20 
min. Additional Dess-Martin periodinane (~3 mg, 0.007 
mmol) and CH 2 C1 2 (300 /iL) were added and after another 
40 min El 2 0, saturated aqueous NaHC0 3 (4 mL) and 
saturated aqueous Na 2 S 2 0 3 (1 mL) were added. The mixture 
was extracted with E^O (3x) and the combined extracts 
were washed with brine, dried over Na 2 S0 4 , concentrated 
and purified by column chromatography (20% EtOAc- 
hexanes) to provide B2008 (0.58 mg, 61%). HRMS (FAB): 
calcd for C 45 H 57 FO u +Na 815.3783. Found: 815.3758. 

B2011 In an analogous manner, B1793 (1.9 mg, 0.003 
mmol) was converted to B2011 (0.87 mg, 42% for 4 steps). 
HRMS (FAB): calcd for C 45 H 58 0 1: i+Na 797.3877. Found: 
797.3877. 




B1920 




B2013 A solution of B1920 (1 .4 mg, 0.0016 mmol), KCN 
(1 mg, 0,016 mmol) and DMSO (500 fitL) was heated at 60° 
C for 8 h. After cooling to rt, H 2 0 was added and the 
mixture was extracted with EtOAc (3x). The combined 
organic extracts were washed successively with H 2 0 and 
brine, dried over Na 2 S0 4 , concentrated and purified by 
preparative TLC (80% EtOAc-hexanes) to provide B2013 
(0.78 mg, 67%). HRMS (FAB): calcd for C 41 H 57 NO n +Na 
762.3829. Found: 762.3848. 
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XI 920 A mixture of B1920 (1.3 mg, 1,47/imol), Nal (30 
mg, excess) and acetone (1 mL) was stirred at 60° C. for 3.5 
h. After cooling to rt, the reaction mixture was diluted with 
saturated aqueous NaHC0 3 (3 mL), extracted with CH 2 C1 2 
(5x) and EtOAc, dried over Na 2 S0 4 and purified by column 
chromatography (50% EtOAc — CH 2 C1 2 to 80% EtOAc- 
hexanes) to give the iodide XI 920 (1.3 mg, 100%). 
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B1998: Ar = p-Cl-Ph 
B2010: Ar = p-MeO-Ph 
B2019: Ar = 2-imidazole 
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B2019 (1.1 mg gave 0.7 mg, 61%) MS (FAB): M+Na 
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B1998:Ar = p-Cl-Ph 
B2010:Ar = p-MeO-Ph 
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General A mixture of iodide X1920 (1.0 equiv.), iPr 2 EtN 
(11 to 22 equiv.), ArSH (9 to 46 equiv.) and DMF (0.3 mL) 
was stirred at rt until the reaction was judged to be complete 
by TLC (typically 24 to 48 h). The reaction mixture was 
diluted with saturated aqueous NaHC0 3 (2 mL), extracted 
with CH 2 C1 2 and EtOAc, dried over Na 2 S0 4 and purified by 
preparative TLC (80% EtOAc-hexanes or 5% MeOH— 
CH 2 C1 2 ) to afford the sulfide products: 

B1998 (1.3 mg gave 1.1 mg, 85%) HRMS (FAB): calcd 
for C^H^CIO^S+Na 897.3521. Found: 897.3533. 

B2010 (1.1 mg gave 0.7 mg, 59%). HRMS (FAB): calcd 
for C 4V H 64 0 12 S+Na 875.4016. Found: 875.4057. 
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General A 0.01 M solution of mCPBA (1.2 equiv.) in 
CH 2 C1 2 was added to a solution of a sulfide (1.0 equiv.) in 
CH 2 C1 2 (0.5 mL) at 0° C. for 30 min. The reaction mixture 
was diluted with saturated NaHC0 3 (2 mL), extracted with 
CH 2 C1 2 and EtOAc, dried over Na 2 S0 4 and purified by 
preparative TLC (80% EtOAc-hexanes or EtOAc) to afford 
the products: 
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B2016 (0.9 mg gave 0.7 mg, 74%) 

B2030 (1.0 mg gave 0.6 mg, 61%) HRMS (FAB): calcd 
for C 47 H 64 0 14 S+Na 907.3914. Found: 907.3950. 
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R1934 TBDPSC1 (3.0 pL, 12 ^mol) was added to a 2 n 
solution of B1793 (1.3 mg, 1.78 ^raol), imidazole (10 mg, 
166 ^mol) and DMF (0.10 mL) at rt. After stirring for 1 h, 
the reaction mixture was diluted with saturated aqueous 
NaIIC0 3 (2 mL), extracted with CII 2 C1 2 (3x) and EtOAc 
(2x), dried over Na 2 S0 4 and purified by preparative TLC 25 
(5% MeOH — CH 2 C\J to give the intermediate silyl ether 
(1.3 mg, 77%), 

This material was dissolved in CH 2 C1 2 (0,5 mL) and 
treated with Dess-Martin periodinane (10 mg, 24 fm\o\) for 
1.5 h at rt, diluted with Et 2 0 and filtered through Celite. The 30 
filtrate was concentrated and purified by preparative TLC 




(50% EtOAc-hexanes) to afTord the diketone intermediate 
(1.0 mg, 77%), which was dissolved in THF (0.5 mL) and 
treated with 0.02 M TBAF containing 0.01 M imidazole 
hydrochloride (THF solution, 75 //L, 1.5 //mol) at rt for 15 
rain. The reaction mixture was eluted through a Si0 2 column 
(50% EtOAc-hexanes to 5% MeOH — CH 2 C\^) and the 
desired product was further purified by preparative TLC (5% 
MeOH — CH 2 C1 2 ) to afford B1934 (0.75 mg, 100%). HRMS 
(FAB): calcd for C 40 H 56 O 12 +Na 751.3669. Found: 
751.3690. 

Synthesis of B1939: 
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B1922 Tetra-n-butylammonium azide (0.2 M in DMF, 0.5 
mL, 0.10 mmol) was added to a solution of mesylate B2294 
(21.4 mg, 0.026 mmol) in DMF (2 mL) at rt. After stirring 
at 83° C. for 3.5 h, the reaction mixture was cooled to rt, 
diluted with toluene, concentrated and purified by prepara- 
tive TLC (80% ethyl acetate-hexanes) to furnish B1922 (18 
mg, 92%). 



HO 
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HO 
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B1939 Me 3 P (1 M in THF) and H 2 0 (0.8 mL) were 
sequentially added to a solution of azide B1922 (24.6 mg, 
0.032 mmol) in THF (3.2 mL) at rt. The mixture was stirred 
for 22 h, diluted with toluene, concentrated and purified by 
flash chromatography [step gradient, 10% MeOH — EtOAc 
followed by MeOH— EtOAc-30% aqueous NH 4 OH 
(9:86:5)] to provide the desired primary amine (23.3 mg), 
which by a H-NMR contained -1% trimethylphosphine 
oxide. Lyophilizatkm from benzene and standing under high 
vacuum for 2 d furnished B1939 (20.3 mg, 87%). 
Synthesis of Representative B1939 Analogs: 
B1930, B1940, B1973, B1987, B1988, B1991, B2003, 
B2004 



MeQ 



HO 




B1930 R = 
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B1940 R = 



B1973 R = 



B1987 R = 




B1930 Me 3 P(l M in THF, 13 /*L, 0.013 mmol) was added afford B1973 (0.44 mg, 44% for two steps). HRMS (FAR): 

toasolutionofB1922(1.6mg,2.1//mol),THF(400^L)aad calcd for C 4fl H fi5 N0 12 +Na 870.4404. Found: 870.4447. 
H 2 0 (100 fiV) at rt. The mixture was stirred for 22 h, diluted B1987 Using the procedure described above, B1922 (0,9 

with toluene, concentrated, and azeotropically dried with rag, 1.2 /imol) was reduced, coupled with 3-indoleglyoxy lie 

toluene (2x) to give the crude amine which was used directly acid and purified by preparative TLC (3% MeOH — EtOAc) 

in the next step, to afford B1987 (0.8 mg, 75% for two steps). HRMS (FAB): 

EDC (0.06 M in CH 2 C1 2 , 100 /iL, 11 j«mol) was added to 30 calcd for C 50 H e4 N 2 0, 2 +Na 923.4306. Found: 923.4338. 
a solution of the crude amine, benzoylformic acid (0.8 mg, B1991 Using the procedure described above, B1922 (1.0 

5.3 /<mol) and CH 2 C1 2 (200 //L) at rt. After 30 min, the mg, 1.3 //mol) was reduced, coupled with 4-chlorobenzoic 

reaction was quenched with a 1:4 mixture of saturated acid and purified by preparative TLC (3% MeOH — EtOAc) 

aqueous NaHC0 3 -brine and extracted with CH 2 C1 2 (5x). to afford B 1991 (0.8 mg, 70% for two steps). HRMS (FAB): 

The combined extracts were dried over Na 2 S0 4 and con- calcd for C 47 H fi2 ClNO J2 +Na 890.3858. Found: 890.3843. 
centrated and purified by preparative TLC (EtOAc) to afford B2003 Using the procedure described above, Bl 922 (1 .0 

B1930 (1.5 mg, 83% for two steps). HRMS (FAB): calcd for mg , 1,3 pmoX) was reduced, coupled with 3,4,5- 

C 4 8H 6 3N0 13 +Na 884.4197. Found: 884.4166. trimethoxybenzoylformic acid and purified by preparative 

B1940 Using the procedure described above for B 1930, ^ TLC (EtOAc) to afford B2003 (0.7 mg, 56% for two steps). 

B1922 was reduced, coupled with 3-pyridylacetic acid HRMS (FAB): calcd for C 51 H 69 N0 16 +Na 974.4514. Found: 

hydrochloride and purified by preparative TLC [(MeOH — 974.4525. 

EtOAc-30% aqueous NH 4 OH (9:86:5)] to afford B1940 (0.8 B2004 Using the procedure described above, B1922 (1.0 

mg, 67% for two steps). HRMS (FAB): calcd for mg, 1.3 /imol) was reduced, coupled with 3,4,5- 
C 47 H 64 N 2 O i2 +Na 871.4357. Found: 871.4362. 45 trimethoxybenzoic acid and purified by preparative TLC 

B1973 Using the procedure described above, B1922 (0.9 (5% MeOH— EtOAc) to afford B2004 (0.7 mg, 58% for two 

mg, 1.2 ^mol) was reduced, coupled with phenylacetic acid steps). HRMS (FAB); calcd for C 49 H 65 N0 13 +Na 946.4565. 

and purified by preparative TLC (5% MeOH— EtOAc) to Found: 946.4599. 
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B1988 



B1988 Dess-Martin periodinane (1 mg, 2.3 /*mol) was 20 
added to a solution of B1930 (0.80 rag, 0.93 /imol) in 
CH 2 C1 2 (500 pL) at rt. After 1 h, the reaction was diluted 
with EtjO and filtered through Celite. The filtrate was 
washed sequentially with a 1:9 mixture of saturated aqueous 2 5 
NaHC0 3 — Na 2 S 2 0 3 and brine, dried over Na 2 S0 4 , concen- 
trated and purified by preparative TLC (80% EtOAc- 
hexanes) to afford R1988 (0.45 mg, 56%). HRMS (FAB): 



calcd for C^H^ 
Synthesis of B2090: 



Found: 884.4012. 
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Compound 103 Indium powder (1.35 g, 11.8 ramol) was 
added to a solution of 102 (3.38 g, 17.6 mmol) in DMF (20 
mL) at rt. After stirring for 30 min, the reaction mixture was 
cooled to 0° C. Neat aldehyde 101 (3.72 g, 28.6 mmol) was 
then added and the mixture was stirred overnight while 
allowing the temperature to warm to rt. The reaction mixture 
was recooled to 0° C. and then quenched carefully with 
saturated aqueous NH 4 C1 (100 mL). After stirring for 30 
min, the resulting mixture was extracted with Et 2 0 (3x), 
dried over Na 2 S0 4 , concentrated and purified by column 
chromatography (10% to 20% EtOAc-hexanes) to give pure 
crystalline 103 (2.20 g, 59%). 
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Compound 104 Et 3 N (72/^L, 0.51 jumol) was added to a 
solution of 103 (1.09 g, 5.13 mmol) and thiophenol (0.63 
mL, 7.16 mmol) in CH 2 C1 2 and the resulting mixture was 
stirred at 0° C. for 1 h. Filtration through Si0 2 gave a 
mixture of 104 and 105, which after MPLC (15% to 20% 
EtOAc-hexancs) afforded 104 (0.53 g, 32%) and 105 (0.92 
g, 56%). 
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Compound 106 DIBALH (1 M in toluene, 3.28 mL, 3.28 
mmol) was added to a solution of 104 (0.53 g, 1.64 mmol) 
in toluene (10 mL) at -78° C. and the mixture was stirred at 
-78° C. for 10 min. The reaction was quenched by careful 
addition of MeOH (0.40 mL, 9.84 mmol) and H 2 0 (0.17 
mL, 9,84 mmol), warmed to rt and stirred for 20 min. The 
white suspension was filtered through a mixture of Celite 
and Si0 2 with 1:1 CH 2 C1 2 — E^O and concentrated to give 
106 (0.53 g, 100%) as an oil. 
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Compound 108 A solution of mCPBA (-55%, 450 mg in 
4.5 mL CH 2 C1 2 , 1.44 mmol) was added to a solution of 107 
(0.54 g, 1,36 mmol) in CH 2 C1 2 (10 mL) at -78° C. The 
reaction mixture was diluted with saturated aqueous 
NaHC0 3 (50 mL), H 2 0 (10 mL), and EU.0 (60 mL) and then 
warmed to rt. The separated aqueous layer was extracted 
with ElOAc (4x) and the combined organic phases were 
dried over Na 2 S0 4 , concentrated and purified by column 
chromatography (50% EtOAc-hexanes) to give 108 (0.51 g, 
92%) as an oil. 
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Compound 107 A mixture of 106 (0,53 g, 1.64 mmol) and 
ethyl (triphenylphosphoranylidene)acetate (1.15 g, 3.29 
mmol) in toluene (10 mL) was heated to 80° C. for 15 h. The 
mixture was cooled to rt and DBU (25 ^L, 0.16 mmol) was 
introduced. The mixture was heated to 80° C. for 1.5 h, 
cooled to rt, concentrated and purified by column chroma- 
tography (10% to 20% EtOAc-hexanes) to give 107 (0.54 g, 
83%) as an oil (3:1 ratio of a:p isomers). 
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Compound 109 A mixture of 108 (0.51 g, 1.24 mmol) and 
NaOAc (1.00 g, 12.4 mmol) in Ac 2 0 (10 mL) was stirred at 
140° C. for 12 h, cooled to rt and then concentrated. The 

60 residue was partitioned between saturated aqueous NaHC0 3 
(20 mL) and EL^O (30 mL), and stirred vigorously at rl for 
30 min. The separated aqueous layer was extracted with 
E^O (2x), and the combined organic phases were dried over 

65 Na 2 S0 4 , concentrated and purified by column chromatog- 
raphy (5% to 15% EtOAc-hexanes) to give 109 (0.41 g, 
73%) as an oil. 
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Compound 110 A mixture of 109 (0,41 g, 0.91 mmol) and 
JCjCOa (443 mg, 0.32 mmol) in EtOH (5 mL) was heated 
to 60-70° C. for 1 d. After cooling to rt, the reaction mixture 
was concentrated and elutcd through a Si0 2 column (10% to 
20% EtOAc-hexanes) to give the partially purified aldehyde 
intermediate. This material was dissolved in EtOH (2.5 mL), 
treated with NaBH 4 (50 mg, 1.32 mmol) and stirred at rt for 
30 min. The mixture was concentrated and purified by 
column chromatography (40% EtOAc-hexanes) to give 110 
(181 mg, 66%). 




in 



Compound 111 BF 3 .OEL, (0.05 M in CH 2 C1 2 , 175 /*L, 
8.75 /<mol) was added to a solution of 110 (181 rag, 0.60 
mmol) and p-methoxybenzyl 2,2,2-trichloroacetimidate 
(0.50 mL, 1.80 mmol) in CH 2 C1 2 (5 mL) at 0° C. The 
resulting mixture was stirred for 1.5 h at 0° C. and for 2 h 
at rt until the reaction was complete. The mixture was 
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84 

quenched with saturated aqueous NaHC0 3 (25 mL) and 
extracted with Et 2 0 (5x). The combined organic phases 
were dried over Na2S0 4 , concentrated and purified by 
column chromatography (CH 2 G 2 and then 20% EtOAc- 
5 hexanes) to give semi-pure 111 (0.37 g, >100%) as an oil. 




Compound 112 A mixture of 111 (0.37 g, max. =0.60 
mmol) and TsOH.H 2 0 (36 mg) in EtOH (5 mL) was stirred 

30 initially at rt overnight and then at 60° C. for 1 h. Additional 
TsOH.H 2 0 (31 mg) was added at rt and the reaction mixture 
was stirred for 1 h at rt. The mixture was then concentrated, 
quenched with saturated aqueous NaHC0 3 and extracted 
with EtOAc (5x). The combined organic phases were dried 

35 over Na 2 S0 4 , concentrated and purified by column chroma- 
tography (20% to 50% EtOAc-hexanes and then 5% 
MeOH — CH 2 C1 2 ) to give 112 (121 mg, 53%) as an oil along 
with recovered 111 (49 mg, 21%). 

40 



45 



50 




55 TBSO 

113 



US 6,214,865 Bl 



85 



Compound 113 TBSOTf (250 /*L, 109 ramol) was added 
to a solution of 112 (121 mg, 0.32 mmol) and Et 3 N (176 /^L, 
1.26 mmol) in CH 2 C1 2 at 0° C and the resulting mixture was 
stirred for 25 min. The reaction was quenched with saturated 
aqueous NaHC0 3 (15 mL) and the separated aqueous layer 
was extracted with ether (3x). The combined organic phases 
were dried over Na 2 S0 4 , concentrated and purified by 
column chromatography (5% to 10% EtOAc/hexanes) to 
give 113 (165 mg, 85%) as an oil. 
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Compound 114 DIBALH (1 M in toluene, 0.54 mL, 0.54 
mmol) was added to a solution of 113 (165 mg, 0.27 mmol) 
in toluene (5 mL) at -78° C. and the resulting mixture was 
stirred al -78° C. for 10 min. The reaction was quenched by 
careful addition of MeOH (65 //L, 0.81 mmol) and' H 2 0 (29 
^L, 0.81 mmol), warmed to rt and stirred for 25 min. The 
white suspension was filtered through Celite with 1:1 
20 CH 2 C1 2 — ELjO. Concentration and purification by column 
chromatography (10% to 20% EtOAc-hexanes) gave 114 
(153 rag, 100%) as an oil. 
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B2090 In a manner similar to that described in Scheme 6 
for the synthesis of B1794, intermediate 114 was converted 
to B2090. HRMS (FAB): calcd for C 39 H 56 O n +Na 
7233720. Found: 7233731. 




88 
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B2136 In a manner analogous to that of B1939, B2090 4 o 
was converted to B2136. HRMS (FAB): calcd for 
C 39 H S7 NO 10 +Na 7223880. Found: 7223907. 



Synthesis of B2039/B2043: 
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Diol 201 TBAF (1 M in THF, 383 ,wL, 0383 mmol) was 
added to a solution of X2318 (350-LS-218) (80.8 mg, 
0.0765 mmol) in THF (7 mL) and stirred at rt for 16 h. After 
partial concentration, the residue was loaded directly onto a 
Si0 2 column packed using 30% EtOAc-hexanes. Gradient 
elution (30% EtOAc-hexanes to EtOAc) furnished diol 201 
(49.7 mg, 92%). 



US 6 : 
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Aldehyde 202 A mixture of diol 201 (49.7 mg, 0.0707 
mmol), NaI0 4 (100 mg, 0.47 mmol), MeOH (10 mL) and 
H 2 0 (2.5 mL) was stirred at rt for 30 min. H 2 0 was added 
and the mixture was extracted with CH 2 C1 2 (4x). The 
combined organic extracts were dried over Na 2 S0 4 , con- 
centrated and purified by column chromatography (30% 
EtOAc-hexanes) to provide aldehyde 202 (41.7 mg, 88%). 
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Alcohol 203 4-Fluorophenylmagnesium bromide (2 M in 
20 E^O, 155 /<L, 0,31 mmol) was added to a solution of 
aldehyde 202 (41.7 mg, 0.062 mmol) in THF (6 mL). After 
15 min at rt, the reaction was quenched with saturated 
aqueous NH 4 C1 and extracted with CH 2 C1 2 (4x). The com- 
bined organic extracts were dried over Na 2 S0 4 , concen- 
trated and purified by preparative TLC (40% EtOAc- 
25 hexanes) to provide alcohol 203 (32.4 mg, 68%) as a 1:1 
mixture of C34 isomers. The minor undesired C27 isomer 
was separated at this stage and was also isolated as a 1:1 
mixture of C34 isomers (8,4 mg, 18%), 




60 



Ether 204 Et 3 N (18 /iL, 0.13 mmol) and TBSOTf (15 
0.063 mmol) were added to a solution of alcohol 203 (32.4 
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mg, 0.042 mmol) in CII 2 C1 2 (5 mL) at 0° C. After 20 min 
the reaction was quenched by the addition of saturated 
aqueous NH 4 C1 and extracted with CH 2 C1 2 (3x). The com- 
bined organic extracts were dried over Na 2 S0 4 , concen- 
trated and purified by column chromatography (20% 
EtOAc-hexanes) to provide ether 204 (33.1 mg, 89%). 
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Ether 206 Diisopropylethylamine (31 «L, 0.18 mmol) and 
MMTrCl (22 mg, 0.071 mmol) were added to a solution of 
alcohol 205 (28.4 mg, 0.0356 mmol) in CH 2 C1 2 (4 mL) at 0° 
C. After 15 h at rt, H 2 0 was added and the mixture was 
extracted with CM 2 C1 2 (3x). The combined extracts were 
washed with brine, dried over Na 2 S0 4 , concentrated and 
purified by preparative TLC (40% EtOAc-hexanes) to pro- 
vide ether 206 as a -1.5:1 mixture of C34 epimcrs (45 mg, 
quant), which contained a small amount of close-running 
impurities. 
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Alcohol 205 LAH (1 M in THF, 113 /*L, 0,113 mmol) was 
added dropwise to a solution of ether 204 (33.1 mg, 0.0375 
mmol) in Et 2 0 (10 mL) at 0° C. After 20 min, H 2 0 and 1 M 45 
NaOH were added and the mixture was stirred at rt for 10 
min. Filtration through Celite, concentration and purification 
by column chromatography (40% EtOAc-hexanes) fur- 
nished alcohol 205 (28.4 mg, 95%). 
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Alcohol 207 DDQ (40 mg, 0.18 mmol) was added to a 
solution of ether 206 (37 mg, 0.034 mmol) in CH 2 C1 2 (4 mL) 
and a 1:10 mixture of tBuOFLpH 7 phosphate buffer (2 mL) 
at 0° C. The mixture was stirred vigorously in the dark for 
15 min. Three additional portions of DDQ (40 mg, 0.18 
mmol) were added at 10 min intervals, then the reaction was 
diluted with saturated aqueous NaHC0 3 and extracted with 
CH 2 C1 2 (3x). The combined organic extracts were washed 
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with brine, dried over Na 2 SO„, concentrated and purified by 
preparative TLC (30% EtOAc-hexanes) to provide alcohol 
207 (19.2 rag, 59%) as well as recovered ether 206 (9.7 mg, 
26%). 
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B2039 and B2043 In a manner similar to that described in 
Scheme 6 for the synthesis of B1794, both diastereomers 
20 208A and 208B were independently converted to B2039 and 
B2043. HRMS (FAB): calcd for C 4S H 59 FO u +Na 817.3939. 
Found: for B2039 817.3896, B2043 817.3910. 
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Synthesis of B2086, B2088, B2091 
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Mesylates 208A and 208B Et 3 N (19 ^L, 0.13 mmol) and 
Ms 2 0 (10 mg, 0.056 mmol) were sequentially added to a 
solution of alcohol 207 (21 .3 mg, 0.022 mmol) in CH 2 C1 2 (6 
mL) at 0° C. After 30 min, saturated aqueous NaHC0 3 was 
added and the mixture was extracted with CH 2 C1 2 (3x). The 
combined extracts were washed with brine, dried over 
Na 2 SO„, concentrated and purified by preparative TLC 
(30% EtOAc-hexanes) to provide mesylates 208A (11.7 mg, 
51%) and 208B (6.5 mg, 28%) as single C34 isomers. 
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Alcohol X-20 NaI0 4 (1.16 g, 5.4 mmol) was added to a 
solution of diols 10 a, b (1.19 g, 3.0 mmol) in MeOH — H 2 0 
(4:1, 75 mL) at 0° C. The reaction mixture was allowed to 
warn to rl. After stirring for 40 min, the mixture was diluted 
with EtOAc, filtered through Celite, concentrated, and par- 
titioned between brine and CH 2 C1 2 . Trie separated aqueous 
layer was extracted with CH 2 C1 2 (2x). The combined 
organic layers were dried over Na 2 S0,, and concentrated to 
furnish the crude aldehyde intermediate. 

NaBH 4 (228 mg, 6.0 mmol) was added to a solution of the 
aldehyde in MeOH— E^O (1:1, 40 mL) at 0° C. The mixture 
was stirred for 30 min, carefully quenched with saturated 
aqueous NH 4 C1, stirred for 20 min at rt and extracted with 
CH 2 C1 2 (3x). The combined extracts were dried over 
Na 2 S0 4 , concentrated and purified by flash chromatography 
(40% to 50% EtOAc-hexanes) to afford alcohol X-20 (1.02 
g, 93% for two steps). 
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Silyl ether 21 Imidazole (0.94 g, 13.9 mmol) and TBSQ 
(0.59 g, 3.89 mmol) were added sequentially to a solution of 10 
alcohol X-20 (1.02 g, 2.78 mmol) in DMF (10 mL) at rt. 
After 14 h, the reaction mixture was diluted with saturated 
aqueous NH 4 C1 and extracted with EtOAc (3x). The com- 
bined organic extracts were washed with H 2 0, brine, dried 
over Na 2 S0 4 , concentrated and purified by flash chroma- is 
lography (5% to 15% EtOAc-hexanes) to afford silyl ether 
21 (1.3 g, 98%). 
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9-BBN (0.5 M in THF, 11.6 mL, 5,8 mmol) was added to 
a solution of the olefin in THF (15 mL) at 0° C. The reaction 
mixture was allowed to warm to rt, stirred for 5 h and then 
recooled to 0° C. H 2 0 (60 mL), THF (60 mL) and NaB0 3 o4 
H 2 0 (5.7 g) were added. After stirring for 5 h at rt, the THF 
was removed under reduced pressure and the aqueous resi- 
due was extracted with EtOAc (4x). The combined organic 
extracts were washed with brine, dried over Na 2 S0 4 , con- 
centrated and purified by flash chromatography (20% to 
40% EtOAc-hexanes) to furnish alcohol 25 (605 mg, 18% 
for three steps). 
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Alcohol 26 Using the procedure previously described, 
alcohol 25 (604 mg, 1.49 mmol) was sequentially oxidized, 
isomerized, and reduced, Purification by flash chromatog- 
raphy (20% to 40% EtOAc-hexanes) afforded alcohol 26 
(550 mg, 91% for three steps). 



Alcohol 22 A mixture of Pd(0H) 2 (20%, 0,8 g), silyl ether 
21 (1.3 g, 2.70 mmol) and EtOAc (30 mL) was stirred for 1 
h under 1 atm H 2 at rt, filtered through. Celite, concentrated 
and purified by flash chromatography (20% to 40% EtOAc- 
hexanes) to afford alcohol 22 (0.96 g, 91%). 
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Alcohol 25 4-Methylmorpholine N-oxide (980 mg, 8.4 
mmol) and TPAP (131 rag, 3.26 mmol) were added sequen- 
tially to a solution of alcohol 22 (1.78 g, 4.6 mmol) in 
CH 2 C1 2 (45 mL) at rt. A cold bath was necessary to control 
the exotherm. After 20 min, the reaction mixture was diluted 
with hexanes, filtered through a short Si0 2 column (15% 
EtOAc-hexanes) and concentrated to give the crude ketone. 

Tebbe reagent (14.9 mL, 9.0 mmol) was added over 10 
min to a solution of the crude ketone in THF (60 mL) at 0° 
C. After 20 min, the reaction mixture was poured into Et 2 0 
(100 mL) that was precooled to -78° C, quenched by slow 
addition of H 2 0 (30 mL), warmed to rt., stirred for 30 min 
and extracted with Et 2 0 (4x), The combined extracts were 
washed with brine, dried over Na 2 S0 4 , concentrated and 
purified by flash chromatography (10% EtOAc-hexanes) to 
afford the desired olefin contaminated by the gem-dimethyl 
product (1.07 g). This mixture was used directly in the next 
step. 
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MPM-ether 27 W^QEl^, (0.05 M in CH 2 C1 2 , 270 /iL, 
4 5 0.013 mmol) was added to a solution of alcohol 26 (545 mg, 
1.35 mmol) and MPM-trichloroimidate (1.14 g, 4.0 mmol) 
in CII 2 C1 2 (40 mL) at 0° C. After 1 h, the reaction was 
quenched with saturated aqueous NaHC0 3 , extracted with 
CII 2 C1 2 , dried over Na 2 S0 4 , concentrated and purified by 
50 flash chromatography (10% to 15% EtOAc-hexanes) to 
afford MPM-ether 27 (580 mg, 82%). 
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Alcohol 28 LAH (1 M in THF, 1.9 mL, 1.9 mmol) was 
added to a solution of MPM-ether 27 (580 mg, 1.11 mmol) 
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in Et 2 0 (100 mL) at 0° C. After 30 min, the reaction was 
quenched carefully with H 2 0 (0.5 mL), and 1 N aqueous 
NaOH (0.5 mL), stirred for 1 h at rt, filtered through Celite, 
concentrated and purified by flash chromatography (30% to 
50% EtOAc-hexanes) to afford alcohol 28 (460 mg, 95%). 
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Olefin 29 DMSO (441 /iL, 6.23 mmol) was added to a 
solution of oxalyl chloride (272 //L, 3.12 mmol) in CH 2 C1 2 
(30 mL) at -78° C. After 15 min, a solution of alcohol 28 
(458 mg, 1.04 mmol) in CH 2 C1 2 (15 mL) was added to the 
reaction mixture. After stirring for 1 h at -78° C, Et 3 N (1.3 
mL, 9.35 mmol) was added. The reaction mixture was 
warmed to 0° C, stirred for 10 min, diluted with saturated 
aqueous NH 4 C1 and extracted with CH 2 C1 2 (3x). The com- 
bined organic extracts were dried over Na 2 S0 4 , concen- 
trated and filtered through a short Si0 2 column (20% to 30% 
EtOAc-hexanes) to provide the crude aldehyde. 

n-BuLi (1.63 M, 1.4 mL, 2,28 mmol) was added dropwise 
to a solution of CH 3 PPh 3 Br (815 mg, 2.28 mmol), THF (20 
mL) and DMSO (7,5 mL) at 0° C. After 1 h, a solution of 
the aldehyde in THF (10 mL) was added. The reaction 
mixture was warmed to rt and stirred for 3 h. Saturated 
aqueous NH 4 C1 was added and the mixture was extracted 
with EtOAc (4x). The combined organic extracts were 
washed with H 2 0, brine, dried over Na 2 S0 4 , concentrated 
and purified by flash chromatography (10% to 15% EtOAc- 
hexanes) to afford olefin 29 (380 mg, 95% yield for 2 steps). 
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Compound 31 9-BBN (0.5 M in THF, 6 mL, 3 mmol) was 
added to a solution of olefin 29 (370 mg, 0.85 mmol) in THF 
(7 mL) at 0° C. The mixture was allowed to warm to rt and 
stirred for 1 h. After recooling to 0° C, H 2 0 (30 mL), THF 
(20 mL), and NaB0 3 .4 H 2 0 (2.8 g) were added. After 
stirring for 3 h at rt, the THF was removed under reduced 
pressure. The aqueous residue was extracted with EtOAc 
(4x), dried over Na^O^ concentrated and purified by flash 
chromatography (25% to 50% EtOAc-hexanes) to afford 
alcohol 30 which was used directly in the next step. 

Pivaloyl chloride (157 ^L, 1.27 mmol) was added to a 
solution of alcohol 30 in CH 2 C1 2 -pyridine (1:1 mixture, 10 
mL) at rt. After 18 h, additional pivaloyl chloride (100 ^L, 
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0.81 mmol) was added. After 1 h, the reaction mixture was 
cooled to 0° C, quenched with MeOH (0.5 mL), 
concentrated, diluted with brine and extracted with CH 2 C1 2 
(4x). The combined organic extracts were dried over 
Na 2 S0 4 , concentrated and purified by flash chromatography 
(10% to 15% EtOAc-hexanes) to afford compound 31 (410 
mg, 90% for two steps). 
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Alcohol 32 TBAF (1 M in THF, 1.14 mL, 1.14 mmol) was 
25 added to a solution of 31 (410 mg, 0.761 mmol) in THF (5 
mL) at rt. After 1.5 h, the reaction mixture was concentrated 
and purified by flash chromatography (40% EtOAc-hexanes 
to 100% EtOAc) to afford alcohol 32 (320 mg, 100%). 
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33a: C34 a-OH 
33b: C34 0-011 



45 

Alcohols 33a and 33b Dess-Martin periodinane (925 mg, 
2.18 mmol) was added to a solution of alcohol 32 (309 mg, 
0.727 mmol) in CH 2 C1 2 (19 mL) at rt. After 1 h, the reaction 
was diluted with Et 2 0 and filtered through Celite. The 
filtrate was washed sequentially with a 1:9 mixture of 
saturated aqueous NaHC0 3 — Na 2 S 2 0 3 and brine, dried over 
Na 2 S0 4 , concentrated and purified by flash chromatography 
(20% to 30% EtOAc-hexanes) to afford the desired 
aldehyde, which was taken immediately through the next 
step. 

BF 3 .OEt 2 (135 /*L, 1.1 mmol) was added to a solution of 
the crude aldehyde, tri-n-butylallyltin (337 j«L, 1.08 mmol) 
and CH 2 C1 2 (16 mL) at -78° C. After 1 h, the reaction was 
quenched with saturated aqueous NaHC0 3 and extracted 
with CH 2 C1 2 (3x). The combined organic extracts were 
dried over Na 2 S0 4 , concentrated and purified by MPLC 
65 (25% to 30% EtOAc-hexanes) to afford the major, more 
polar alcohol 33a (165 mg, 49% for two steps) and the minor 
less polar product 33b (90 mg, 27% for two steps). 
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Compound 34 TBSOTf (163 /iL, 0.710 ramol) was added 
to a solution of alcohol 33a (165 mg, 0.355 mmol), Et 3 N 
(247 ftU 1.78 mmol) and CH 2 C1 2 (5 mL) at 0° C. After 25 2Q 
min, the reaction was quenched with saturated aqueous 
NaHC0 3 , extracted with CH 2 C1 2 (3x), dried over Na 2 S0 4 , 
concentrated and purified by flash chromatography (15% to 
20% EtOAc-hexanes) to afford compound 34 (200 mg, 

25 



Compound 36 TBSOTf (177 0.77 mmol) was added 
to a solution of diol 35a (118 mg, 0.192 mmol), Et 3 N (267 
fiL, 1.92 mmol) and CH 2 C1 2 (5 mL) at 0° C. After 25 min, 
the reaction was quenched with saturated aqueous NaHC0 3 , 
extracted with CH 2 C1 2 (3x), dried over Na 2 S0 4 , concen- 
trated and purified by flash chromatography (10% to 15% 
EtOAc-hexanes) to afford compound 36 (161 mg, 100%). 
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Alcohol 37 Using the procedure described previously for 
the preparation of alcohol 28, compound 36 (161 mg, 0.192 
mmol) afforded alcohol 37 (135 mg, 93%) after purification 
by flash chromatography (20% to 40% EtOAc-hexanes). 



Diols 35a and 35b Os0 4 (0.1 M solution in toluene, 32 //L, 
3.2 /imol) was added to a solution of K^CO^ (168 mg, 1.22 
mmol), K 3 Fe(CN) 6 (400 mg, 1 .22 mmol), (DHQ) 2 PYR (11 
mg, 12 jumol), H 2 0 (3,2 mL) and t-BuOH (2.2 mL) at 0° C, 
Then a solution of olefin 34 (200 mg, 0.345 mmol) in 
t-BuOH (1 mL) was added to the reaction mixture. After 5 
h at 0° C, Na 2 S 2 0 5 .5 H 2 0 (200 mg) was added. The 
reaction mixture was warmed to rt, stirred for 30 min and 
extracted with CI-^C^ (5x). The combined organic extracts 
were washed with brine, dried over Na 2 S0 4 , concentrated 
and purified by preparative TLC (70% EtOAc-hexanes) to 
afford the major, less polar diol 35a (118 mg, 56%), and 
minor, more polar diastcrcomcric product 35b (74 mg, 
35%). The individual diastereomers were each carried for- 
ward separately. 
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Aldehyde 38 Dess-Martin periodinanc (227 mg, 0.535 
mmol) was added to a solution of alcohol 37 (135 mg, 0.178 

60 ramol) in CH 2 C1 2 (5 mL) at rt. After 1 h, the reaction mixture 
was diluted with Et 2 0 and filtered through Celite. The 
filtrate was washed sequentially with a 1:9 mixture of 
saturated aqueous NaHC0 3 — Na 2 S 2 0 3 and brine, dried over 

65 Na 2 S0 4 , concentrated and purified by flash chromatography 
(10% to 20% EtOAc-hexanes) to afford aldehyde 38 (127 
rag, 95%). 
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B2086, B2102 Each of the diastereomers obtained above B2088 NaI0 4 was added to a solution of B2086 (1 mg, 

were separately carried to final product in a manner similar l > 29 M mo }) in MeOH— H 2 0 (4:1 1 mL) at rt. After 30 min 

. j mi- i <■ e i-v* *>e the reaction mixture was diluted with H?0, extracted with 

to that described in scheme 6 for B1794. Diastereomer 35a CH a (6x)) dried over Na2 so 4) and concentrated to afford 

afforded B2086. Diastereomer 35b afforded B2102. B2088 (1.2 mg). 
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B2091 NaBH 4 (0.013 M in EtOH, 20 //L, 0.27 funol) was 
added to a solution of B2088 (1 mg, 1.29 jumol) in MeOH— 
CH 2 C1 2 (4:1, 0.5 mL) at -78° C. Additional NaBH 4 was 
periodically added with close monitoring of the reaction by 
TLC (total of 220 juL of the NaBH 4 solution was required). 
The reaction mixture was quenched at 0° C. with saturated 
aqueous NH 4 C1, stirred for 20 min at rt and extracted with 
CH 2 C1 2 (6x). The combined extracts were dried over 
Na 2 S0 4 , concentrated and purified by preparative TLC (7% 
MeOH— EtOAc) to furnish B2091 (0.40 mg, 50%). 

Synthesis of B1933: 
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Alcohol 303 9-BBN (0.5 M in THF, 23 mL, 0,012 mol) 
was added dropwise over 30 min to a solution of alkene 302 
(1.51 g, 0.00386 mol) in THF (40 mL) at 0° C. After stirring 
at rt for 80 min, the mixture was cooled to 0° C. and H 2 0 
(80 mL) was cautiously added followed by NaB0 3 .4 H 2 0 
(4.2 g, 0.027 mol). The mixture was stirred vigorously at rt 
for 2.3 h, then extracted with EtOAc (3x). The combined 
organic extracts were washed with brine, dried over 
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Na 2 S0 4) concentrated and purified by column chromatog- 
raphy (50% EtOAc-hexanes) to provide alcohol 303 (1.37 g, 
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Aldehyde 304 Oxalyl chloride (88 /*L, LOO mmol) was 
added dropwise to a solution of DMSO (142 ^L, 2.00 mmol) 
in CH 2 C1 2 (20 mL) at -78° C. After 30 min, a solution of 
alcohol 303 (137 mg, 0.335 mmol) in CH 2 C1 2 (5 mL) was 
added and stirred at -78° C. for 1 h. Et 3 N (420 ^L, 3.01 
mmol) was added and after 10 min the reaction was stirred 
for 10 min at 0° C. at which point saturated aqueous NH 4 C1 
was added and the resulting mixture was extracted with 
CH 2 C1 2 (3x). The combined organic extracts were washed 
with brine, dried over Na 2 S0 4 , concentrated and purified by 
65 flash chromatography (50% EtOAc-hexanes) to provide 
intermediate aldehyde 304 (0.114 g, 84%) which was imme- 
diately used in the next step. 
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Alcohol 305 TBAF (1 M in THF, 5 nU 0.005 mmol) was 
added to a solution of aldehyde 304 (0.114 g, 0.27 mmol) in 
CF 3 TMS (0.5 M in THF, 1.1 mL, 0,54 mmol) at 0° C. After 
20 min, a second portion of TBAF (1 M in THF, 100 juL, 0.1 
mmol) was added and the mixture was stirred for 10 min at 
which point excess TBAF (1 M in THF, 270 jiL, 0.27 mmol) 
was added dropwise to cleave the intermediate silyl ether. 
After 30 min, the mixture was diluted with H 2 0 and 
extracted with EtOAc (3x). The organic extracts were 
washed with H 2 0, brine, dried over Na 2 S0 4 , concentrated 
and purified by column chromatography (50% EtOAc- 
hexanes) to provide alcohol 305 (123 mg, 95%) as an 
inseparable 1:1 mixture of isomers. 
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Silyl ether 306 TBSOTf (265 /*L, 1.16 mmol) was added 
to a solution of alcohol 305 (123 mg, 0.257 mmol) and Et 2 N 
(430 juL, 3.08 mmol) in CH 2 C1 2 (8 mL) at 0° C After stirring 
at rt for 20 h, saturated aqueous NaHC0 3 was added, and the 
mixture was extracted with CH 2 C1 2 (3x). The combined 
organic extracts were washed with brine, dried over 
Na 2 S0 4 , concentrated and purified by column chromatog- 
raphy (20% EtOAc-hexanes) to provide silyl ether 306 (148 
mg, 97%). 
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Alcohol 307 LAH (1 M in THF, 220 0.22 mmol) was 
added dropwise to a solution of silyl ether 306 (131 mg, 0.22 
mmol) in Et 2 0 (5 mL) at 0° C. After 20 min, 1 1 2 0 and 1 M 
NaOH were cautiously added. The mixture was stirred at rt 
30 min, filtered through glass wool, concentrated and puri- 
fied by column chromatography (50% EtOAc-hexanes) to 
provide alcohol 307 (112 mg, quant.). 
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Alkcne 309 Oxalyl chloride (58 /^L, 0.66 mmol) was 
added dropwise to a solution of DMSO (94 ^L, 1.3 mmol) 
in CH 2 C1 2 (10 mL) at -78° C. After 30 min, a solution of 
alcohol 307 (112 mg, 0,22 mmol) in CH 2 C1 2 (3 mL) was 
added. After 1 h, Et 3 N (276 ^L, 1.98 mmol) was added, and 
after 10 min at -78° C. the reaction was stirred at 0° C. for 
10 min. Saturated aqueous NH 4 C1 was added and the 
mixture was extracted with CH 2 C1 2 (3x). The combined 
organic extracts were washed with brine, dried over 
Na 2 S0 4 , concentrated and purified by flash chromatography 
(50% EtOAc-hexanes) to provide aldehyde 308 (101 mg, 
91%) which was immediately used in the next step. 

nBuLi (1.63 M in THF, 200 ^L, 0.33 mmol) was added 
dropwise to a solution of CH 3 PPh 3 Br (118 mg, 0.33 mmol) 
in THF (3 mL) and DMSO (1.2 mL) at 0° C. After 70 min, 
a solution of aldehyde 308 (101 mg, 0.20 mmol) in THF (3 
mL) was added and after 10 min at 0° C, the reaction was 
stirred at rt for 1 h. Saturated aqueous NH 4 C1 was added and 
the mixture was extracted with EtOAc (3x). The combined 
organic extracts were washed with brine, dried over 
Na 2 S0 4 , concentrated and purified by column chromatog- 
raphy (20% EtOAc-hexanes) to provide alkene 309 (90.9 
mg, 90%). 
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Alcohol 310 9-BBN (0.5 M in THF, 17 mL, 8.45 mraol) 
was added dropwise to a solution of alkcne 309 (1.06 g, 2.11 
mmol) in THF (30 mL) at 0° C. After stirring for 2.5 h at rt, 
the reaction was cooled to 0° C. and H 2 0 (60 mL) followed 
by NaB0 3 .4 H 2 0 (3.25 g, 21.1 mmol) were cautiously 
added. The mixture was stirred vigorously at rt for 2 b, then 
diluted with H 2 0 and extracted with EtOAc (3x). The 
combined organic extracts were washed with brine, dried 
over Na 2 S0 4 , concentrated and purified by column chroma- 
tography (20% to 30% EtOAc-hexanes) to provide alcohol 
310 (0.920 g, 84%). 
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Pivaloate 311 A mixture of alcohol 310 (65.8 mg, 0.0126 
mmol), pyridine (61 /*L, 0.76 mmol) and PvCl (23 /<L, 0.189 
mmol) in CH 2 C1 2 (3 mL) was stirred at rt for 5 h. A second 
reaction utilizing alcohol 310 (0.92 g, 1.76 mmol) was run 
under similar conditions and both reactions were combined 
during the work-up: saturated aqueous NH 4 C1 was added 
and the mixture was extracted with CH 2 C1 2 (3x). The 
combined organic extracts were washed with brine, dried 
over Na 2 S0 4 , concentrated and purified by column chroma- 
tography (20% EtOAc-hexanes) to provide pivaloate 311 
(1.08 g, quant). 
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Alcohol 312 A mixture of ether 311 (0.811 g, 1.33 mraol), 
DDQ (6,1 g, 27 mmol) and 10:1 tBuOH: pH 7 phosphate 
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buffer (42 mL) in CH 2 C1 2 (84 mL) was stirred vigorously in 
the dark at rt for 1.5 h, at which point additional DDQ (1.0 
g, 4.4 mmol) was added. After 1 h, saturated aqueous 
NaHC0 3 was added and the mixture was extracted with 
CH 2 C1 2 (4x). The combined organic extracts were washed 
successively with saturated aqueous NaHC0 3 and brine, 
dried over Na 2 S0 4 , concentrated and purified by column 
chromatography (20% EtOAc-hexanes) to provide alcohol 
312 (0.56 g, 87%) as well as recovered starting material 311 
(97 mg, 12%). 
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Ketone 313 Oxalyl chloride (21 /*L, 0.12 mmol) was 
added dropwise to a solution of DMSO (34 /*L, 0.48 mraol) 
in CH 2 C1 2 (3 mL) at -78° C. After 1 h, a solution of alcohol 
312 (39.4 mg, 0.081 mmol) in CH 2 C1 2 (1.5 mL) was added 
and the mixture was stirred for 1.5 h. Et 3 N (100 /iL, 0.73 
35 mmol) was added, and after 10 min the mixture was warmed 
to 0° C. Saturated aqueous NH 4 C1 was added and the 
mixture was extracted with CH 2 C1 2 (3x). The combined 
organic extracts were washed with brine, dried over 
Na 2 S0 4 , concentrated and purified by flash chromatography 
40 (30% EtOAc-hexanes) to provide ketone 313 (36.6 mg, 
93%) which was used immediately in the next step. 
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Alkene 314 Tebbe reagent (-0.65 M in toluene, 720 ^L, 
0.47 mmol) was added dropwise to a solution of ketone 313 
(151 mg, 0.31 mmol) in THF (5 mL) at 0° C. After 15 min, 
H 2 0 was cautiously added and the mixture was extracted 
with EtOAc (3x). The combined organic extracts were 
65 washed with brine, dried over Na 2 S0 4 , concentrated and 
purified by column chromatography (10% EtOAc-hexanes) 
to provide alkene 314 (139 mg, 93%). 
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Alcohol 315 9-BBN (0.5 M in THF, 6.0 mL, 2.9 mmol) 
was added dropwise to a solution of alkene 314 (468 mg, 
0.97 mmol) in THF (10 mL) at 0° C. The mixture was stirred 
at rt for 2 h at which point additional 9-BBN (0.5 M in THF, 
500 y«L, 0.25 mmol) was added. After 2.5 h, the mixture was 
cooled to 0° C. and H 2 0 (10 mL) followed by NaB0 3 .4 H 2 0 
(1.5 g, 9.7 mmol) were cautiously added. The mixture was 
stirred vigorously at rt for 5 h, diluted with H 2 0 and 
extracted with EtOAc (3x). The combined organic extracts 
were washed with brine, dried over Na 2 S0 4 , concentrated 
and purified by column chromatography (gradient 20% to 
30% EtOAc-hexanes) to provide alcohol 315 (0.47 g, 97%). 
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brine, dried over Na 2 S0 4 , concentrated and purified by 
column chromatography (30% EtOAc-hexanes) to provide 
alcohol 316 (0.410 g, 87% yield for 3 steps). 
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Ether 317 Alcohol 316 (60.7 mg, 0.12 mmol) and 
MPMOTCI (0,10 g, 0,36 mmol) were combined, azeotroped 
from toluene (3x) and dried under high vacuum overnight. 

25 CH 2 C1 2 (3 mL) was added and the mixture was cooled to 0° 
C. BF 3 .OEt2 (approx. 1 /<L, 0.01 mmol) was added and after 
stirring for 10 min the reaction was quenched with saturated 
aqueous NH 4 C1. The mixture was extracted with CH 2 C1 2 

30 (3 X ) an d tne combined extracts were washed with brine, 
dried over Na 2 S0 4 , concentrated and purified by preparative 
TLC (30% EtOAc-hexanes) to provide ether 317 (55.4 mg, 
74%). 
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Alcohol 316 Oxalyl chloride (246 //L, 2.82 mmol) was 
added dropwise to a solution of DMSO (400 ^L, 5.64 mmol) 
in CH 2 C1 2 (40 mL) at -78° C. After 1 h, a solution of alcohol 
315 (0.47 g, 0.94 mmol) in CH 2 C1 2 (10 mL) was added and 50 
the mixture was stirred for 1 h. Et 3 N(1.2 mL, 8.5 mmol) was 
added, and after 10 min the mixture was warmed to 0° C. 
and stirred for 10 min. Saturated aqueous NH 4 C1 was added 
and the mixture was extracted with CH 2 C1 2 (3x). The 
combined organic extracts were washed with brine, dried 55 
over Na 2 S0 4 and concentrated. The crude aldehyde was 
stirred in CH 2 C1 2 (20 mL) and Et 3 N (2 mL) at rt overnight. 
Saturated aqueous NH 4 C1 was added and the mixture was 
extracted with C^CL, (3x). The combined organic extracts 
were washed with brine, dried over Na 2 S0 4 , concentrated 60 
and purified by flash chromatography (30% EtOAc- 
hexanes) provided the epimerized aldehyde which was 
immediately dissolved in 1:1 Et 2 0:EtOH (10 mL) and 
cooled to 0° C. NaBH 4 (35 mg, 0.94 mmol) was added and 
after 10 min the reaction was quenched with saturated 65 
aqueous NH 4 C1. The mixture was extracted with EtOAc 
(3x) and the combined organic extracts were washed with 
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Alcohol 318 LAH (1 M in THF, 104 /*L, 0.104 mmol) was 
added dropwise to a solution of ether 317 (54 mg, 0.087 
mmol) in E^O (5 mL) at 0° C. After 30 min, H 2 0 and 1 M 
NaOH were cautiously added. The mixture was stirred at rt 
for 10 min, filtered through glass wool, concentrated and 
purified by column chromatography (30%-50% EtOAc- 
hexanes) to provide alcohol 318 (45.5 mg, 98%). 
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Aldehyde 319 Oxalyl chloride (11 /iL, 0.13 ramol) was 
added dropwise to a solution of DMSO (18 /*L, 0,25 mmol) 
in CH 2 C1 2 (2 mL) at -78° C. After 1.8 h, a solution of 
alcohol 318 (22.6 mg, 0.042 mmol) in CH 2 C1 2 (1 mL) was 
added and the mixture was stirred for 1 h. Et 3 N (53 pL, 0.38 
mmol) was added and after 10 min, the reaction was warmed 
to 0° C. and stirred 10 min. Saturated aqueous NH 4 C1 was 
added and the mixture was extracted with CH 2 C1 2 (3x), The 
combined organic extracts were washed with brine, dried 
over Na 2 S0 4 , concentrated and purified by flash chroma- 
tography (20% EtOAc-hexanes) to provide aldehyde 319 
(21.7 mg, 97%). 
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B1933 In a manner similar to that described in Scheme 6 
for the synthesis of B1794, intermediate 319 was converted 
to B1933. HRMS (FAB): calcd for C 41 H 57 F 3 0 13 +H 
783.3931. Found: 783.3940. 



1) NfaI0 4 

2) CF 3 TMS 

3) TBAF 

4) Dess- Martin 
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B1942 A mixture of B1897 (2 mg, 2.73 /imol), Nal0 4 (35 
mg, 0.16 mmol), MeOH (0.8 mL) and H 2 0 (0.2 raL) was 
stirred at rt for 30 min. The reaction mixture was then diluted 
with H 2 0 (3 mL) and extracted with CH 2 C1 2 (fix) and 
EtOAc (2x). The combined organic phases were dried over 
Na 2 S0 4 and purified by column chromatography (5% 
MeOH — CH 2 C1 2 ) to give the desired aldehyde. 

This material was dissolved in THF (0.1 mL), cooled to 
at 0° C. and treated with 0.5 M CF 3 TMS in THF (30 fiU 15 
mmol) followed by 0.05 M TBAF in THF (5 mL, 0.025 
mmol). After stirring for 30 min, the reaction mixture was 
diluted with saturated aqueous NaHC0 3 (2 mL) and H 2 0 (1 
mL), extracted with EtOAc (6x), dried over Na 2 S0 4 , filtered 
and concentrated to give the crude bis-TMS ether. 

This material was dissolved in THF (0.5 mL) and treated 
with 1 M TBAF in THF containing 0.5 M imidazole 
hydrochloride (8 jwL, 8 /imol) at rt for 30 min. The reaction 
mixture was eluted through a Si0 2 column (50% EtOAc - 
hexanes to EtOAc) to afford the diol intermediate. 

A mixture of this product and Dess-Marlin periodinane 
(10 mg, 24 mmol) in CH 2 C1 2 (0.5 mL) was stirred at rt for 
1 h, diluted with Et 2 0 (5 mL) and filtered through Celite. 
The filtrate was concentrated and purified by preparative 
TLC (50% EtOAc-hexanes) to finish B1942 (1.5 mg, 72% 
for 5 steps). HRMS (FAB): calcd for C 40 H 55 F 3 0 33 +H 
767.3516. Found: 767.3542 

Synthesis of B2070/B2073: 

MeQ OMPM 

\ / 

HO . t 
i I \ 1) NalQ 4 ^ 

HO \X^V***^ /X/° PV 2) CH 2 =CHCF 2 Br 
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MeQ OMPM 
\ / 



HO \ f 

X I \ 1) OsQ 4 

S"u ^OPv 2) NaI0 4 



401 



10 



MeQ OMPM 
\ / 



HO '"J f 

F F 402 



20 



X400 



MeQ OMPM 



Diol 402 A mixture of Os0 4 (1 xstal), alcohol 401 (605 
rag, 1.28 mmol), 4-methyl-morpholine N-oxide (0.45 g, 
3.84 mmol), acetone (30 mL) and H 2 0 (6 mL) was stirred 
at rt for 29 h. Additional Os0 4 (3 xlals) and 
4-methylmorpholine N-oxide (0.1 g, 0.8 mmol) were added 
and after 2 days saturated aqueous Na 2 S 2 0 3 was added. The 
mixture was extracted with CH 2 C1 2 (6x) and the combined 
25 organic extracts were dried over Na 2 S0 4 and concentrated. 
The crude intermediate triol was immediately dissolved in 
4:l::Me0H:H 2 0 (25 mL) and Na!0 4 (0.41 g, 1 .9 mmol) was 
added. After stirring vigorously at rt for 2 h, the mixture was 
30 diluted with H 2 0, extracted with CH 2 C1 2 (3x) and the 
combined organic extracts were dried over Na 2 S0 4 and 
concentrated to provide the intermediate aldehyde which 
was immediately dissolved in 1:1 EtOH — EtjO (30 mL) and 
35 cooled to 0° C. NaBH 4 (48 mg, 1.3 mmol) was added and 
after 20 min the reaction was quenched with H 2 0 and 
extracted with CH 2 C1 2 (4x). The combined organic extracts 
were dried over Na 2 S0 4 , concentrated and purified by 
^ column chromatography (50% EtOAc-hexanes) to provide 
diol 402 (485 mg, 80% for 3 steps). 



F F 401 
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Alcohol 401 A mixture of NaI0 4 (375 mg, 1.74 mmol), 
X400 (674 mg, 1.58 mmol), MeOH (16 mL) and H 2 0 (4 
mL) was stirred at rt for 1 h. After dilution with H 2 0, the 
mixture was extracted with CH 2 C1 2 (4x) and the combined 
organic extracts were dried over Na 2 S0 4 , concentrated and 
purified by flash chromatography (30% EtOAc-hexanes) to 
provide the intermediate aldehyde (570 mg), which was 
immediately dissolved in DMF (15 mL). Indium (275 mg, 
2.4 mmol) and 3-bromo-3,3-difluoropropene (240 /iL, 2.4 
mmol) were added and after stirring at rt for 17 h, H 2 0 and 
0.1 M HC1 were added. The mixture was extracted with 
EtOAc (3x) and the combined organic extracts were washed 
successively with H 2 0 and brine, dried over Na 2 S0 4 , con- 
centrated and purified by column chromatography (20% to 
30% EtOAc-hexanes) to provide alcohol 401 as a 1:1 
mixture of C34 isomers (605 mg, 81% for 2 steps). 




OPv 



55 



F F 



403 



Silyl ether 403 TBSOTf (2.3 mL, 10 mmol) was added 
dropwisc to a mixture of diol 402 (485 mg, 1.0 mmol), Et 3 N 

60 (2.8 mL, 20 mmol) and CH 2 C1 2 (30 mL) at 0° C, After 
stirring for 1 h at rt, saturated aqueous NH 4 C1 was added and 
the mixture was extracted with CH 2 C1 2 (3x). The combined 
organic extracts were washed with brine, dried over 

65 Na 2 S0 4 , concentrated and purified by column chromatog- 
raphy (20% EtOAc-hexanes) to provide silyl ether 403 (668 
mg, 95%). 
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F F 404 



Alcohol 404 LAH (1 M in THF, 2.8 mL, 2.8 mmol) was 
added dropwise to a solution of silyl ether 403 (668 mg, 
0.948 mmol) in Et 2 0 (60 mL) at 0° C. After 15 min, H 2 0 
and 1 M NaOH were cautiously added. The mixture was 
stirred at rt for 20 min, filtered through glass wool, concen- 
trated and purified by column chromatography (30% 
EtOAc-hexanes) to provide alcohol 404 (500 mg, 85%). 




F F 405 
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-continued 



5 




406 



Alkene 406 nBuLi (1 .63 M, 860 ^L, 1 .4 mmol) was added 
dropwise to a solution of CH 3 PPh 3 Br (500 mg, 1.4 mmol) in 
THF (15 mL) and DMSO (6 mL) at 0° C. After 1 h, a 
solution of aldehyde 405 (486 mg) in THF (15 mL) was 
added. The reaction mixture was warmed lo rl and stirred for 
30 min. Saturated aqueous NH 4 C1 was added, the mixture 
was extracted with EtOAc (3x) and the combined extracts 
were washed successively with II 2 0 and brine, dried over 
Na 2 S0 4 , concentrated and purified by column chromatog- 
raphy (20% EtOAc-hexanes) to provide alkene 406 (450 
mg, 93%). 



30 



35 




Aldehyde 405 Oxalyl chloride (210 //L, 2.42 mmol) was 
added dropwise to a solution of DMSO (345 ^L, 4.84 mmol) 
in CH 2 C1 2 (30 mL) at -78° C. After 1 h, a solution of alcohol 
404 (500 mg, 0.806 mmol) in CH 2 C1 2 (10 mL) was added. 
After 40 min, Et 3 N (1.0 mL, 7,2 mmol) was added. After 
stirring at -78° C. for 10 min, the reaction mixture was 
warmed to 0° C. and stirred for an additional 10 min. 
Saturated aqueous NH 4 C1 was added and the mixture was 
extracted with CH 2 C1 2 (3x). The combined organic extracts 
were washed successively with H 2 0, brine, dried over 
Na 2 S0 4 and concentrated. Purification by flash chromatog- 
raphy (30% EtOAc-hexanes) provided aldehyde 405 (486 
mg, 98%) which was immediately used in the next step. 




Witlig 



F F 405 



Ester 407 9-BBN (0.5 M in THF, 9.0 mL, 4.5 mmol) was 
added dropwise to a solution of alkene 406 (0.460 g, 0.746 

45 mmol) in THF (10 mL) at 0° C. After warming to rt, the 
mixture was stirred for 3 h and two additional portions of 
9-BBN (0.5 M in THF, 3.0 mL, 1.5 mmol) were added at 30 
min intervals. The reaction mixture was recooled to 0° C, 

5o whereupon THF (10 mL), H 2 0 (10 mL) and NaB0 3 .4 H 2 0 
(1.72 g, 11.2 mmol) were cautiously added. The mixture was 
stirred vigorously at rt for 1.5 h, and additional NaB0 3 .4 
H 2 0 (1.0 g, 6.5 mmol) was added. After 2 h the mixture was 
diluted with H,0 and extracted with EtOAc (3x). The 

55 

combined extracts were washed with brine, dried over 
Na 2 S0 4 , concentrated and purified by column chromatog- 
raphy (20% to 30% EtOAc-hexanes) to provide the inter- 
mediate alcohol (509 mg) which was immediately dissolved 

60 in CH 2 C1 2 (10 mL) and treated with pyridine (600 ftU 7.5 
mmol) and PvCl (275 /4L, 2.2 mmol). After 6 h, saturated 
aqueous NH 4 C1 was added and the mixture was extracted 
with CH 2 C1 2 (3x). The combined organic extracts were 

65 washed with brine, dried over Na 2 S0 4 , concentrated and 
purified by column chromatography (20% to 30% EtOAc- 
hexanes) to provide ester 407 (423 mg, 79% for 2 steps). 
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TBSO 



F F 



408 
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OPv 




■OPv 9 ' BBN , 



-OH 



TBSO r 



OPv 



410 



Alcohol 408 A mixture of ester 407 (11 mg, 0,015 mmol) 
and Pd(0II) 2 /C (10 rag) in EtOAc (500 //L) was stirred 
vigorously under a H 2 atmosphere at rt for 6 h. The mixture 
was filtered through Celite, concentrated and purified by 
column chromatography (30% EtOAc-hexanes) to provide 
alcohol 408 (9.4 mg, quant). 



MeQ OMPM 



TBSO 



1) Swern 




Alcohol 410 9-BBN (0.5 M in THF, 1.5 mL, 0.72 mmol) 
was added dropwise to a solution of alkene 409 (0.144 g, 
0.242 mmol) in THF (2 mL) at 0° C. After warming to rt, the 
mixture was stirred for 3 h, The reaction mixture was 

20 recooled to 0° C, whereupon THF (2 mL), H 2 0 (2 raL) and 
NaB0 3 .4 H 2 0 (0.38 g, 2.4 mmol) were cautiously added. 
The mixture was stirred vigorously at rt for 4 h, diluted with 
H 2 0 and extracted with EtOAc (3x). The combined extracts 

25 were washed with brine, dried over Na 2 S0 4 , concentrated 
and purified by column chromatography (20% EtOAc- 
hexanes) to provide alcohol 410 (0.140 g, 94%). 



TBSO' 



OPv 



F F 



409 



Alkene 409 Oxalyl chloride (7 jaL, 0.075 mmol) was 
added dropwise to a solution of DMSO (11 ^L, 0,15 mmol) 
in CH 2 C1 2 (2 mL) at -78° C. under N 2 . After 40 min, a 
solution of alcohol 408 (15.2 mg, 0,025 mmol) in CH 2 C1 2 (1 
mL) was added and the reaction was stirred at -78° C; for 
1 h, Et 3 N (31 //L, 0,22 mmol) was added, and after stirring 
for 10 min the mixture was warmed to 0° C. After 10 min, 
the reaction mixture was quenched with saturated aqueous 
NH 4 C1 and extracted with CH 2 C1 2 (3x). The combined 
extracts were washed successively with H 2 0 and brine, 
dried over Na 2 S0 4 and concentrated. After flash chroma- 
tography (30% EtOAc-hexanes), the intermediate ketone 
(13 mg) was immediately dissolved in TMF (500 piL) and 
treated with Tebbe reagent (-0.65 M in toluene, 62 /*L, 0.040 
mmol) at 0° C. After 1.5 h additional Tebbe reagent (-0.65 
M in toluene, 62 //L, 0,040 mmol) was added and after 10 
min H 2 0 and then brine were cautiously added. The mixture 
was extracted with EtOAc (3x) and the combined organic 
extracts were washed with brine, dried over Na 2 S0 4 , con- 
centrated and purified by column chromatography (10% 
EtOAc-hexanes) to provide alkene 409 (11,9 mg, 80% for 2 
steps). 
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40 
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F F 
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45 Alcohol 411 Oxalyl chloride (26 /*L, 0.30 mL) was added 
dropwise to a solution of DMSO (43 /jL, 0.60 mmol) in 
CH 2 C1 2 (4 mL) at -78° C. After 1 h, a solution of alcohol 
410 (57 mg, 0.093 mmol) in CH 2 C1 2 (2 mL) was added. 
After 45 min, Et 3 N (125 //L, 0.90 mmol) was added. After 
stirring at -78° C. for 10 min, the reaction mixture was 
warmed to 0° C. and stirred for an additional 10 min. 
Saturated aqueous NH 4 C1 was added and the mixture was 
extracted with CH 2 C1 2 (3x). The combined organic extracts 
55 were washed with brine, dried over Na 2 S0 4 and concen- 
trated. The crude product was dissolved in CH 2 C1 2 (4 mL), 
treated with EI3N (400 pL) and stirred at rt for 15 h. 
Saturated aqueous NH 4 C1 was added and the mixture was 
extracted with CH 2 C1 2 (3x). The combined organic extracts 
60 were washed with brine, dried over Na 2 S0 4 , concentrated 
and purified by flash chromatography (30% EtOAc- 
hexanes) to provide the intermediate aldehyde (48 mg), 
which was immediately dissolved in 1:1 Et 2 0 — EtOH (4 
65 mL), cooled to 0° C. and treated with solid NaBH 4 (~4 mg, 
0.09 mmol). After stirring for 15 min, saturated aqueous 
NH 4 G was cautiously added and the mixture was extracted 
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with EtOAc (3x). The combined extracts were washed with 
brine, dried over Na 2 S0 4 , concentrated and purified by 
column chromatography (20% to 30% EtOAc-hexanes) to 
provide alcohol 411 (45.6 mg, 80% for 3 steps). 



MeQ 



OH 1) MPMOTCI 



TBSO' 




OH 



412A, 412B 

412A and 412B Alcohol 411 (120 mg, 0.196 mmol) and 
MPMOTCI (0.17 g, 0.59 ramol) were combined, azeotroped 
from toluene (3x) and dried under high vacuum for 1 h. 
CH 2 C1 2 (9 mL) was added and the mixture was cooled to 0° 
C. BF 3 .OEt 2 (0.016 M in CH 2 C1 2 , 125 #L, 0.002 mmol) was 
added dropwise and after stirring for 20 min, the reaction 
was quenched with saturated aqueous NH 4 C1. The mixture 
was extracted with CH 2 C1 2 (3x) and the combined extracts 
were washed with brine, dried over Na 2 S0 4 , concentrated 
and purified by preparative TLC (20% EtOAc-hexanes) to 
provide the intermediate MPM ether which contained some 
close-running impurities. This material was immediately 
dissolved in E^O (10 mL) and treated with LAH (1M in 
THF, 300 {iL, 0.300 mmol) at 0° C. After 10 min, H 2 0 and 
1 M NaOH were added, and after stirring for 10 min at rt, 
the mixture was filtered through Celite, concentrated and 
purified by. preparative TLC (35% EtOAc-hexanes) to pro- 
vide 412A (49 mg, 39% for 2 steps) as a single C34 isomer 
and 412B (46 mg, 36% for 2 steps) as a -9:1 mixture of C34 
isomers. 
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B2070 and B2073 In a manner similar to that described in 
Schemes 4 and 6 for the synthesis of B1794, intermediates 
412A and 412B were converted to B2070 and B2073, 
respectively. For B2070: HRMS (FAB): calcd for 
CaaHjgF^+Na 803.3794. Found: 803.3801. For B2073: 



HRMS (FAB): calcd 
Found: 803.3781 
Synthesis of B1963: 



for C 41 H 58 F 2 0 12 +Na 803.3793. 



10 



15 
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2) CF 3 TMS 
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Diol 501 (64) Saturated aqueous NaHC0 3 (21 mL) and 
KBr (89 mg, 0.75 mmol) were added to a solution of diol 10 
(1.35 g, 3.4 mmol) in CH 2 C1 2 (34 mL). The mixture was 
cooled to 0° C, and 4-raethoxy-2,2,6,6-tetramethyl-l- 
30 piperidinyloxy (0.05 M in CH 2 C1 2 , 7.45 mL, 0.37 mmol) 
and NaOCl (0.07 M in H 2 0, 5.6 mL, 0.39 mmol) were 
sequentially added. After 1 h, the reaction mixture was 
quenched with saturated aqueous Na 2 S 2 0 3 , diluted with 
saturated aqueous NaHC0 3 and extracted with CH 2 C1 2 (3x). 
The combined extracts were dried over Na 2 S0 4 , concen- 
trated and dissolved in TMF (21 mL). 

After cooling to 0° C, CF 3 TMS (1.5 g, 10.5 mmol) and 
TBAF (0.1 M in THF, 680 0.068 ramol) were sequen- 
40 tially added. After stirring for 40 min, additional TBAF (1 M 
in THF, 8.3 mL, 8.3 mmol) was added. After 30 min, the 
reaction was quenched with H 2 0 and extracted with EtOAc 
(3x). The combined organic extracts were washed with 
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brine, dried over Na 2 S0 4 , concentrated and purified by flash B1963 In a manner similar to that described in Schemes 

chromatography (30%, 40%, 50% EtOAc-hexanes followed 4 and 6 for the synthesis of B1794, intermediate 501 was 
by EtOAc) to afford a 2:1 mixture of diols (553 mg, 35%). converted to B1963. 
Separation by MPLC (1.5% Me OH — CH 2 C1 2 ) gave the 
major, more polar isomer 501 (64) (340 mg, 22%) and the 5 
minor, less polar isomer (152 mg, 10%). 




B1963 



Synthesis of B2320 and Related Analogs 
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These compounds are made by treating B2294 with an 
appropriate amine in a solvent such as methanol for a period 
of a few hours to several days. Progress of the reaction may 
be monitored by thin layer chromatography. A standard 
work-up procedure, well known to those of skill in the art, 5 
provides the desired compounds. The procedure below is to 
prepare ER803868; however this procedure is general and 
can be used to prepare any desired analog. 

Synthesis of ER803868 

To a solution of B2294, 1.2 mg, in methanol, 0.5 mL, was 10 
added morpholine, 0.012 mL. The mixture was stirred for 10 
days with additional morpholine, 0.012 mL, being added on 
days 1, 2, 3, 4 and 8, The mixture was then chromalographed 
to give 1.4 mg of the desired compound. 

15 

MeQ 




20 



25 



B2320 


R 


- N,N-dimethylamino 


B2330 


R 


*» N-isopropylamino 


B2336 


R 


» N-methylamino 


B2339 


R 


= N-t-butylamino 


B2417 


R 


- N-2-hydroxyethylamino 


B2418 


R 


= N-piperazinyl 


B2489 


R 


■» N,N-bis-(2-hydroxyethyl)amino 


B2490 


R 


= N-l^-dihydroxy^-propylamino 


B2491 


R 


- N-benzylamino 


ER8Q3834 


R 


- N-piperidinyl 


ER803835 


R 


- N-pyrroIidinyl 


ER803836 


R 


- N-3-(R)-hydroxypyrrolidinyl 


ER803843 


R 


= N-homopipcridinyl 


ER803845 


R 


■ N-para-methoxybcnzylamino 


ER803846 


R 


- N-phencthylamino 


ER803851 


R 


» N-2-(S-hydroxymethyl)pyrTolidinyl 


ER803852 


R 


*» N-2-(R-hydroxynicthyl)pyrrolidinyl 


ER803868 


R 


= N-morpholinyl 


ER803869 


R 


- N-ethylamino 


ER803870 


R 


- N-imidazoyl 


ER803883 


R 


- N ) N-dielhylamino 


ER803884 


R 


- N-para-chlorobenzylamino 



D. Pharmacological Activity 

Many of the individually disclosed drugs were tested for 
in vitro and in vivo activity (see Table 1, below). Screening 55 
methods included a standard in vitro cell growth inhibition 
assay using DLD-'l human colon cancer cells (ATCC acces- 
sion number CCL 221) in a 96-well microtiter plate format 
(Finlay, G. J. et al Analytical Biochemistry 139:272-277, 
1984), a U937 (ATCC accession number CRL 1593) mitotic 60 
block reversibility assay (described below), and in some 
cases, a LOX human melanoma tumor xenograft in vivo 
growth inhibition assay (see Table 1). Chemical stability to 
esterase degradation was also examined. 

U937 Mitotic Block Reversibility Assay 65 
U937 human histiocytic lymphoma cells were added to 75 
cm 2 tissue culture flasks as 2.5x1 0 6 cells in 22.5 mL of 
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RPMI Medium 1640 containing 10% Fetal Bovine Serum, 
Cells were allowed to adapt to the culture during 36 h of 
incubation at 37° C. in a humidified atmosphere containing 
5% C0 2 . Each test drug was then added to a flask as 2.5 mL 
of lOx final concentration. Final concentrations achieved 
were 0.1-1000 nM, in half log-increments, for a total of 10 
concentration steps including a drug-free control flask which 
recievcd 2.5 mL of media. Cells were incubated with drug 
for 12 h pretreatment period at 37° C. in a humidified 
atmosphere containing 5% C0 2 . 

The contents were removed from each flask and centri- 
fuged at 300xg for 10 min at room temperature, after which 
drug-containing media was removed from cell pellet. Cells 
were resuspended in 25 mL of warm drug-free media and 
centrifuged at 300xg for 10 min at room temperature. After 
removing media from cell pellet, cells were resuspended in 
35 mL of warm drug-free media, transferred to fresh flasks, 
and a 10 mL sample of cells immediately removed from 
each flask, immediately processed as described below and 
stored for later cell cycle analysis (0 hours of drug washout). 

Incubation of the remaining 25 mL of cells continued in 
drug-free media for another 10 h. A 10 mL sample of cells 
was removed from each flask, immediately processed and 
stored for later cell cycle analysis (10 hours of drug 
washout) and 10 mL fresh replacement media was added to 
each incubation flask. Incubation of cells in drug-free media 
continued for 5 days. At day two, 20 mL of media and cells 
was removed from each flask and replaced with 20 mL fresh 
media. Viability of cells was quantified after 5 days by 
trypan blue exclusion techniques using hemacytometer 
counting. 

Cells were processed for cell cycle analysis using modi- 
fications of the method published in Becton Dickinson 
Immunocytometry Systems source book section 1.11 
(Preparation of Alcohol-Fixed Whole Cells From Suspen- 
sions For DNA Analysis). Briefly, each 10 mL sample of 
cells removed from the flasks at 0 and 10 hours of drug 
washout was separately centrifuged at 300xg for 10 min. 
After removing the media from the cell pellet, cells were 
resuspended in 3 mL cold saline. Seven milliliters cold 
100% ethanol was slowly added with vigorous vortexing. 
Ethanol treated cell samples from 0 hour and 10 hour periods 
of compound washout were stored overnight at 4° C, Etha- 
nol treated cells were centrifuged 300xg for 10 min, ethanol 
removed and cells then washed in 10 mL Phosphate Buff- 
ered Saline (PBS). Cells were resuspended in 0.5 mL of 0.2 
rag/mL Ribonuclease A (Sigma No. R-5503) in PBS and 
incubated in 37° C. water bath for 30 min. 

Cells were transferred to appropriate flow cytometry tubes 
and 0.5 mL of 10 mg/mL propidium iodide (PI) (Sigma No. 
P4170) in PBS was added to each tube. Cells were incubated 
with PI at room temperature in the dark for at least 15 min 
prior to analysis with a flow cytometer (Becton Dickinson 
FACScan flow cytometer or equivalent). Cells should be 
analyzed within an hour and kept in the dark at 4° C. until 
ready. Cell cycle analysis was performed on 0 hour and 10 
hour cells using flow cytometric measurement of the inten- 
sity of cellular fluorescence. The intensity of propidium 
iodide fluorescence for each cell was measured on a linear 
amplification scale with doublet events ignored using dou- 
blet discrimination. The results obtained from analyzing 
15,000 cells were presented as a histogram with increasing 
fluorescence intensity on the x-axis and the number of cells 
at a particular intensity level on the y-axis. 

The intensity of PI staining is dependent on the amount of 
DNA in the cell so it is possible to identify cells in various 
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phases of the cell cycle, such as cells that have not yet 
synthesized DNA since the last mitosis (G x phase), cells that 
are in intermediate stages of DNA synthesis (S phase), and 
cells that have doubled their complement of DNA and are 
ready to divide (G 2 phase). Cells that are blocked in the 
mitosis phase of the cell cycle also have double the amount 
of DNA compared to G x phase cells. If all cells are blocked 
in mitosis there are no Gj phase cells, but if the block is 
removed when compound is removed, cells complete mito- 
sis and reappear in the Gj phase. The number of cells so 
reappearing in the G x or Sphase is thus a measure of the 
number of cells which have recently completed mitosis. For 
each sample at 0 and 10 hours after compound removal, the 
percentage of cells completing mitosis was quantified (as the 
number of cells reappearing in the G x phase) and plotted as 
a function of the initial concentration of compound used 
during the 12 hour pretreatment period. The percentage of 
cells still viable 5 days after drug washout was superim- 
posed on the same graph. A ratio can be determined between 
the compound concentration required to completely block 
all cells in mitosis at 0 hour and the concentration required 
to maintain the block 10 hours after compound removal. 
This was taken as a measure of a compound's reversibility, 
with ratios close to or equal to one indicating likely potent 
in vivo anti-tumor compounds. 



TABLE 1 

In Vitro Inhibit i on and Reversibility Data 





DLD-r 




Comolete Mitotic Block 




Com- 


mean IC50, 




0 hour, 10 hour, 


Reversibility 


pound 


nm 


SE 


nM** nMJ 


Ratio 


B3793 


0.93 


0.04 


3 44 


14.7 


B1794 


12.20 


0.72 






B19J8 


1.27 


0.12 






B1920 


2.00 


0.15 






B1921 


24.00 


1.15 






B1922 


0.53 


0.01 


3 30 


10.0 


B1930 


0.87 


0.03 






B1933 


0.79 


0.16 






B1934 


1.05 


0.21 


3 30 


10.0 


B1939 


19.34 


2.36 


12 12 


1.0 


B1940 


5.43 


0.62 






B1942 


0.60 


0.03 


3 30 


10.0 


B1963 


0.56 


0.04 


3 20 


6.7 


B1973 


1.15 


0.24 






B1984 


1.01 


0.35 






B1987 


1.82 


0.21 






B1988 


2.67 


1.02 






B1990 


1.30 


0.06 






B1991 


0.69 


0.03 






B1992 


0.86 


0.07 






B1998 


1.23 


0.13 






B2003 


1.21 


0.12 






B2004 


0.63 


0.04 






B2008 


2.63 


0.63 






B20JO 


0.71 


0.12 






B2011 


1.81 


0.52 






B2013 


0.49 


0.07 


2 30 


15.0 


B2014 


0.87 


0.09 






B2015 


2.78 


0.23 






B2Q16 


0.66 


0.06 






B2019 


0.82 


0.07 






B2034 


0.74 


0.03 






B2035 


0.76 


0.09 






B2037 


0.66 


0.11 






B2039 


0.91 


0.08 






B2042 


1.93 


0.11 


3 100 


33.3 


B2043 


1.70 


0.06 






B2070 


0.64 


0.09 


3 30 


10.0 


B2073 


0.89 


0.15 






B2086 


11.17 


1.96 
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TABLE 1 -continued 



5 





la Vitro Inhibition and Reversibility Data 






DLD-1* 




Complete Mitotic Block 




Com- 


mean IC50, 




0 hour, 


10 hour, 


Reversibility 


pound 


nm 


SE 


nM** 


nM$ 


Ratio 


B2088 


1.23 


0.12 








B2090 


0.52 


0.04 


2 


10 


5.0 


B2091 


1.36 


0.07 


3 


30 


10.0 


B2102 


3.47 


0.22 








B2136 


5.23 


1.04 


3 


3 


1.0 


B2294 


0.80 


0.01 








B2320 


1.20 


0.17 




10 


10.0 


B2330 


4.40 


0.42 


7 


7 


1.0 


B2336 


3.33 


0.09 


10 


10 


1.0 


B2339 


4.30 


0.21 


3 


3 


1.0 


B2417 


12.67 


0.33 


10 


10 


1.0 


B2418 


3.63 


0.17 


10 


10 


1.0 


B2489 


14.67 


2.03 


10 


10 


1.0 


B2490 


35.67 


3.33 


100 


100 


3.0 


B2491 


0.92 


0.14 


2 


10 


6.7 


ER803834 


0.47 


0.08 


1 


10 


10,0 


ER803835 


15.33 


0.33 


10 


10 


1.0 


ER803836 


1.97 


0.12 


3 


10 


3.3 


ER803843 


0.49 


0.05 


1 


10 


10.0 


ER803845 


1.50 


0.20 


3 


10 


3.3 


ER803846 


1.16 


0.10 


1 


10 


10.0 


ER803851 


3.33 


0.26 


3 


3 


3.0 


ER803852 


3.03 


0.50 


3 


10 


3.3 


ER803868 


0.43 


0.03 


3 


10 


3.3 


ER803869 


4.13 


0.64 


3 


3 


1.0 


ER803870 


1.27 


0.12 


3 


30 


10.0 


ER803883 


1.02 


0.04 


1 


10 


10.0 


ER803884 


0.59 


0.03 


1 


10 


30.0 



* = in vitro cell growth inhibition 
** = before washout 
X" after washout 



The invention also features a method for identifying an 
agent that induces a sustained mitotic block in a cell after 
transient exposure of the cell to the agent. The invention 
features determining the relative reversibility of the test 
compound by relating the measurement of step (d) and the 
40 measurement of step (f), as described below. This determi- 
nation may be a ratio, or an arithmetic difference, for 
example. In one aspect, the method includes: 

(a) incubating a first cell sample with a predetermined 
45 concentration of a test compound for a time interval between 

that sufficient to empty the G a population and that equivalent 
to one cell cycle (e.g., typically, 8-16 hours, or about 12 
hours); 

(b) substantially separating the test compound from said 
5Q first cell sample (e.g. by washing or changing media); 

(c) incubating said first sample in media free of the test 
compound for a time interval sufficient to allow at least 80% 
(e.g., 85%, 90%, and preferably 95%, 98%, or 99%) of the 
cells released from the mitotic block induced by a highly 

55 reversible mitotic inhibitor to complete mitosis and return to 
the G a phase (e.g., typically 6-14 hours, or about 10 hours 
after separation step (b)); and 

(d) measuring the percentage of transiently-exposed cells 
from step (c) that have completed mitosis and returned to the 

60 ®i phase (e.g., measuring a cell cycle marker, such as 
DNA-dependent PI fluorescence). 

One aspect of this screening method include the further 
steps of: 

(e) incubating a second sample of cells with a concentra- 
65 tion of the test compound less than or equal to that used in 

step (a) for a time interval between that sufficient to empty 
the population and that equivalent to one cell cycle; 
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25 



(f) measuring the percentage of cells from step (e) that 
have completed mitosis and have returned to the G a phase; 
and 

(g) determining a reversibility ratio of the test compound. 

In one embodiment of the method, the first and second 5 
cell samples are suspension culture cells selected from, for 
example, human leukemia, human lymphoma, murine 
leukemia, and murine lymphoma cells. The first and second 
cell samples may be incubated simultaneously (steps (a) and 
(e)) or in separate portions. Other embodiments further 10 
include before step (a), the step (i) of estimating a desirable 
time interval for incubating said first cell sample with a 
reversible mititotic blocking agent (or, alternatively, said test 
compound) to provide a satisfactory majority of cells col- 
lected at mitotic block; and wherein the incubation of step 15 
(a) is for the time interval estimated in step (i). Another 
embodiment of the method further includes before step (c), 
the step (ii) of estimating a desirable time interval for the test 
compound-free incubation of step (c), said step (ii) com- 
prising determining the time interval after which at least 
80% of the cells pretreated with a highly reversible antimi- 
totic agent complete mitosis and reenter G x phase; and 
wherein the incubation of step (c) is for the time interval 
determined in step (ii). Another embodiment of the method 
utilizes non -suspension culture cells from, for example, 
adherent human or murine cancer cells, harvested by any 
suitable means for detaching them from tissue culture flasks. 

One aspect of the method further includes repeating steps 
(a)-(f) asing a range of relative concentrations of test 3Q 
compound to determine what two substantially minimum 
concentrations of the test compound provide substantially 
complete mitotic block in step (d) and in step (f), respec- 
tively. The ratio of these minimum sufficient concentrations 
is an index of reversibility (see detailed U937 protocol for 35 
preparation of exemplary dose-response curves). These con- 
centrations may be determined by extrapolating curves of 
the percentage of cells (from steps (d) and (f)) as a function 
of concentration (e.g., by testing only a few concentrations, 
such as 3 or fewer), or by empirically testing a fall range of 4Q 
concentrations. 

The above methods are useful for identifying an agent 
(test compound) that inhibits mitosis, for identifying a 
mitotic blocking agent which substantially retained its mito- 
sis blocking effectiveness after its removal, and for 45 
predicting, for example, the IC 50 or the \C g5 of a mitotic 
blocking agent. When compared with relatively reversible 
antimitotic agents, substantially irreversible antimitotic 
agents, in other words, agents which continue to block 
mitosis in a cell which has been only transiently exposed to 50 
the agent, are likely to be more effective in vivo where 
natural processes, including multi-drug resistance (MDR) 
pumps and metabolic or other degradative pathways, pre- 
vent prolonged exposure. The effectiveness of relatively 
reversible antimitotic agents may depend upon a period of 55 
sustained exposure. 

In view of the cost of developing pharmaceuticals, the 
economic advantages of determining reversibility ratios, as 
described above, are considerable. The above methods can 
be used, for example, to predict whether a test compound 60 
with good in vitro activity will be effective in vivo, such as 
in a clinical trial. Relatively reversible agents would not be 
expected to perform as well as irreversible agents. This is 
shown, for example, by contrasting the data for two known 
compounds, the relatively irreversible antimitotic agent vin- 65 
cristine and the highly reversible antimitotic agent vinblas- 
tine. 
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TABLE 2 



Reversibility Characteristics of Vinblastine and Vincristine 

Drug concentration 
required for complete 
mitotic block, nM 

0 hour 10 hour 

(before (after Reversibility 

Compound washout) washout) ratio Interpretation 



Vinblastine 
Vincristine 



10 
10 



600 



10 



60 



Highly 
Reversible 
Irreversible 



Analyses of the antimitotic drugs vinblastine and vinc- 
ristine in the U937 Mitotic Block Reversibility Assay indi- 
cate that despite identical potencies to induce initial mitotic 
blocks (0 hour values), the abilities of the two drugs to 
induce mitotic blocks which are sustained 10 hour after drug 
washout (10 hour values) are very different: vincristine 
induces irreversible mitotic blocks, while those induced by 
vinblastine are highly reversible. 

Analyses of in vivo anticancer activities of the antimitotic 
drugs vinblastine and vincristine against COLO 205 human 
colon cancer xenografts grown sub-cutaneously in immu- 
nocompromised (nude) mice indicate that at equivalent 
doses of 1 mg/kg, vincristine shows substantial cancer 
growth inhibitory activity while vinblastine is inactive. At 
the lower dose of 0.3 mg/kg, vincristine still produces 
moderate growth inhibition, while vinblastine is again inac- 
tive. The greater in vivo activity of vincristine correlates 
with its irreversibility relative to vinblastine's high revers- 
ibility. 

E. Use 

The disclosed compounds have pharmacological activity, 
including anti-tumor and anti-mitotic activity as demon- 
strated in section D above. Examples of tumors include 
melanoma, fibrosarcoma, monocytic leukemia, colon 
carcinoma, ovarian carcinoma, breast carcinoma, 
osteosarcoma, prostate carcinoma, lung carcinoma and ras- 
transformed fibroblasts. 

The invention features pharmaceutical compositions 
which include* a compound of formula (I) and a 
pharmaceutically-acceptable carrier. Compositions can also 
include a combination of disclosed compounds, or a com- 
bination of one or more disclosed compounds and other 
pharmaceutically-active agents, such as an anti-tumor agent, 
an immune-stimulating agent, an interferon, a cytokine, an 
anti-MDR agent or an anti-angiogenesis agent. Composi- 
tions can be formulated for oral, topical, parenteral, 
intravenous, or intramuscular administration, or administra- 
tion by injection or inhalation. Formulations can also be 
prepared for controlled-release, including transdermal 
patches. 

A method for inhibiting tumor growth in a patient 
includes the step of administering to the patient an effective, 
anti-tumor amount of a disclosed compound or composition. 
The invention also contemplates combination therapies, 
including methods of co-administering a compound of for- 
mula (I) before, during, or after administering another 
pharmaceutically active agent. The methods of administra- 
tion may be the same or different. Inhibition of tumor growth 
includes a growth of the cell or tissue exposed to the test 
compound that is at least 20% less, and preferably 30%, 
50%, or 75% less than the growth of the control (absence of 
known inhibitor or test compound). 
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The essential features of the invention can be easily 
discerned from the above description and the claims below. 
Based on the entire disclosure, variations of the disclosed 
compounds and methods of the invention described can be 
designed and adapted without departing from the spirit and 
scope of the claims and the disclosure. References and 
publications described herein are hereby incorporated in 
their entirety. 

What is claimed is: 

1. A compound having the formula: 




15 



20 



25 



30 



wherein A is a Cj_ 6 saturated or C 2 _ 6 unsaturated hydrocar- 
bon skeleton, said skeleton being unsubstituted or having 
between 1 and 10 substituents, inclusive, independently 
selected from cyano, halo, azido, oxo^and Q a ; 

each Qj is independently selected from OR 1 ,SR 1 ,S0 2 R 1 , 
OS0 2 Rj, NR 2 R : , NR 2 (C0)R a , NR 2 (C0)(C0)R 1 , NR 4 
(CO)NR 2 R 1 , NR 2 (CO)OR 1( (CO)OR : , 0(CO)R 1 , 
(CO)NR 2 Rj, and 0(CO)NR 2 Rj; 

each of Rj, R 2 , R 4 , R 5 , and R 6 is independently selected 
from H, Cj.fi alkyl, Cj_ 6 haloalkyl, Cj. 6 hydroxyalkyl, 
Cj.fi aminoalkyl, C 6 . 10 aryl, C 6 . 10 haloaryl, C 6 . 10 
hydroxyaryl, Cj. 3 alkoxy-C 6 aryl, C 6 . 30 aryl-Cj. 6 alkyl, 
Cj.6 alkyl-C 6 .j 0 aryl, C 6 .j 0 haloaryl-Cj_ 6 alkyl, Cj_ 6 
alkyl-C 6 . 10 haloaryl, (Cj_ 3 alkoxy-C 6 aryl)-C 3 _ 3 alkyl, 
C 2 . Q heterocyclic radical, C 2 . 9 heterocyclic radical-^ _ 6 
alkyl, C 2 . 9 heteroaryl, and C 2 . 9 heteroaryl-Cj_ 6 alkyl; 

each of D and D' is independently selected from R 3 and 
0R 3 , wherein R 3 is H, C 1-3 alkyl, or Cj. 3 haloalkyl; 

n is 0 or 1; 

E is R 5 or OR 5 ; 

G is O, S, CH 2 , or NR fi ; 

each of J and J' is independently H, Cj. 6 alkoxy, or Cj. 6 
alkyl; or J and J' taken together are =CH 2 or — 0- 
(straight or branched Cj. 5 alkylene)-0 — ; 

Q is C 3 . 3 alkyl; 

T is ethylene or ethenylene, optionally substituted with 
(CO)OR 7 , where R 7 is H or C n _ 6 alkyl; 6Q 

each of U and U* is independently H, Cj. 6 alkoxy, or Cj_ 6 
alkyl; or U and U' taken together are =CH 2 or — O- 
(straight or branched Cj. 5 alkylene)-0 — ; 

X is H or Cj.fi alkoxy; 

each of Y and Y 1 is independently H or Cj. 6 alkoxy; or Y 65 
and Y' taken together are =0, =CH 2 , or — 0-(straight 
or branched Cj. 5 alkylene)-0 — ; and 



35 



40 



45 



50 



55 



each of Z and Z' is independently H or Cj_ 6 alkoxy; or Z 
and T taken together are =0, =CH 2 , or — 0-(straight 
or branched C,_ 5 alkylene)-0 — ; 

or a pharmaceutical^ acceptable salt thereof. 

2. The compound of claim 1, wherein n is 0. 

3. The compound of claim 1, wherein each of D and D' is 
independently selected from R 3 , Cj_ 3 alkoxy, and C 3 . 3 
haloalkyloxy, 

4. The compound of claim 1, wherein R s is selected from 
■H, Cj.6 alkyl, C a _ 6 haloalkyl, Cj_ 6 hydroxyalkyl, Cj. 6 
aminoalkyl, C e _ J0 aryl, C 6 .j 0 haloaryl, C 6 . i0 hydroxyaryl, 
Cj.3 alkoxy-C d aryl, C 6 . 10 aryl-Cj_ 6 alkyl, Cj. e alkyl-C 6 _j 0 
aryl, C 6 . 10 haloaryl-Cj. 6 alkyl, C a . 6 alkyl-C^jo haloaryl, 
(Cj_ 3 alkoxy-Cfi aryl)-Cj. 3 alkyl, C 2 . Q heterocyclic radical, 
C 2 _ 9 heterocyclic radical-C 3 . 6 alkyl, C 2 _ 9 heteroaryl, and 
C 2 . 9 heteroaryl-Cj. 6 alkyl. 

5. The compound of claim 1, wherein A comprises a Cj_ 6 
saturated or C 2 . 6 unsaturated hydrocarbon skeleton, said 
skeleton having at least one substituent selected from cyano, 
halo, azido, oxo, and Qjj 

each Qj is independently selected from ORj, SR 3 , S0 2 Rj, 

0S0 2 R„ NR 2 R 3 , NR 2 (CO)Rj, and 0(CO)NR 2 R i; 
n is 0; 
G is O; 

J and J' taken together are =CH 2 ; 
0 is methyl; 
T is ethylene; 

U and U' taken together are =CH 2 ; 
X is H; 

each of Y and Y f is H; and 
Z and Z' taken together are =0 or =CH 2 . 
, 6. The compound of claim 1, wherein each Qj is inde- 
pendently selected from ORj, SR a , S0 2 Rj, 0S0 2 Rj, 
NH(CO)Rj, NH(CO)(CO)Rj, and 0(CO)NHR i; 

each Rj is independently selected from Cj_ 6 alkyl, Cj. 6 
haloalkyl, C 6 aryl, C 6 haloaryl, Cj_ 3 alkoxy-C 6 aryl, C 6 
aryl-Ci. 3 alkyl, Cj. 3 alkyl-C 6 aryl, C 6 haloaryl-Cj. 3 
alkyl, Cj. 3 alkyl-C 6 haloaryl, (Cj_ 3 alkoxy-C 6 aryl)- 
Cj. 3 alkyl, C 2 _ 9 heterocyclic radical, C 2 . 9 heteroaryl, 
and C 2 . 9 heteroaryl-Cj.fi alkyl; 
one of D and D' is methyl or methoxy, and the other is H; 
n is 0; 
G is O; 

J and T taken together are =CH 2 ; 
Q is methyl; 
T is ethylene; 

U and U' taken together are =CH 2 ; 
X is H; 

each of Y and Y' is H; and 

Z and Z ( taken together are ~0. 

7. The compound of claim 6, wherein A has at least one 
substituent selected from hydroxyl, amino, azido, halo, and 
oxo. 

8. The compound of claim 7, wherein A comprises a 
saturated hydrocarbon skeleton having at least one substitu- 
ent selected from hydroxyl, amino and azido. 

9. The compound of claim 8, wherein A has at least two 
substituents independently selected from hydroxyl, amino, 
and azido. 
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10. The compound of claim 8, wherein A has at least two 
substituents independently selected from hydroxyl and 
amino. 

11. The compound of claim 8, wherein A has at least one 5 
hydroxyl substituent and at least one amino substituent. 

12. The compound of claim 8, wherein A has at least two 
hydroxyl substituents. 

13. The compound of claim 8, wherein A comprises a C 2 . 4 10 
hydrocarbon skeleton, 

14. The compound of claim 8, wherein A comprises a C 3 
hydrocarbon skeleton, 

15. The compound of claim 13, wherein A has an (S)- 15 
hydroxyl on the carbon atom alpha to the carbon atom 
linking A to the ring containing G. 

16. The compound of claim 6, wherein A comprises a C U6 
saturated hydrocarbon skeleton having at least one substitu- 20 
ent selected from hydroxyl and cyano. 

17. The compound of claim 6, wherein Q : is indepen- 
dently selected from OR^ SR^ S0 2 R lt and OSO^ where 
each Rj is independently selected from C U6 alkyl, C } . 6 25 
haloalkyl, C 6 aryl, C 6 haloaryl, C a _ 3 alkoxy-C 6 aryl, C e 
aryl-Cj.3 alkyl, C u3 alkyl-C 6 aryl, C 6 haloaryl-C^ alkyl, 
C 3 .3 alkyl-C 6 haloaryl, and (C u3 alkoxy-C 6 aryl)-C 3 . 3 alkyl. 

18. The compound of the following structure 30 



HO 




19. The compound of the following structure 



HU 




and pharmaceutical^ acceptable salts thereof. 

20. A method for identifying an agent that induces a 
sustained mitotic block in a cell after transient exposure of 
said cell to said agent, said method comprising the steps of: 

(a) incubating a first cell sample with a predetermined 
concentration of a test compound for a time interval 
between that sufficient to empty the G r population and 
that equivalent to one cell cycle; 

(b) substantially separating said test compound from said 
first cell sample; 

(c) incubating said first sample in media free of said test 
compound for a lime interval sufficient to allow at least 
80% of the cells released from the mitotic block 
induced by a highly reversible mitotic inhibitor to 
complete mitosis and return to the Gj phase; and 

(d) measuring the percentage of transiently-exposed cells 
from step (c) that have completed mitosis and returned 
to the G 1 phase. 

21. The method of claim 20, further comprising the steps 
of: 

(e) incubating a second sample of cells with a concentra- 
tion of said test compound less than or equal to that 
used in step (a) for a time interval between that suffi- 
cient to empty the G a population and that equivalent to 
one cell cycle; 

(f) measuring the percentage of cells from step (e) that 
have completed mitosis and have returned to the Gj 
phase; and 

(g) determining the relative reversibility of said test 
compound by relating the measurement of step (d) and 
the measurement of step (f). 
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hereby corrected as shown below: 



Column 10, 

Line 21: the reagent 

l)MPMOTCl ^ l)MPMOTCI 
should be — . 



Column 10, 

Line 45: the drawing labeled "XX 14" 

AcO PAc AcO,, PAc 

J~~\, .OTIPS ) \ .OTIPS 

AccrSr should be **r\f""' 



Column 1 0, 

Line 52: the drawing labeled "XX 15" 

HO, -OH H0t .OH 

JT\, x° TIPS 1\ yOTIPS 

' 0 should be v 0 



Column 10, 

Line 55: the reagent 



► ■ 

3) Mel should be 3) Mel 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,214,865 Bl Page 8 of 41 

APPLICATION NO. : 09/334488 
DATED : April 10,2001 

rNVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 10, 

Line 60: the drawing labeled "XX 16" 



MeO x p» MeO,, OH 

# O should be S^^cT . 




Column 10, 

Line 63: the reagent 



7)MPMOTCl 8hou i d be 7)MPMOTCI 



Column 1 1 , 

Line 1: the drawing labeled "XX 17" 



MeO, 5MPM MeO, ,OMPM 





V should be ^"V " y . 

Column 1 1, 

Line 9: the drawing labeled "XX 18" 

MeO, OBn MeQ OMPM 

TBSO >—/ TBSO '/— f 

0 should be O 



Column 1 1, 

Line 16: the reagent 



6)Nal should be 6)NaI 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,214,865 B1 Page 9 of 41 

APPLICATION NO. : 09/334488 
DATED : April 10, 2001 

INVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 12, 

Line 1 : the reagent 

7)MPMOTCl* should be TjWMOICl . 



Column 13, 

Linel: the drawing labeled "B2307, B2308" 




UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,214,865 Bl Page 10 of 41 

APPLICATION NO. : 09/334488 
DATED : April 10, 2001 

INVENTOR(S) ; Littlefield et al. 

It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 13, 

Line 20: the drawing labeled "X20" should be labeled XX20 - as follows: 



TBSO 



MeQ 



TBSO 




TBSO 



MeQ 



TBSO 



should be 




Column 15, 

Line 1 : the drawing labeled "BX2308" should be labeled -- BX2307, BX2308 - as 
follows: 




BX2307, BX2308 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 



6,214,865 Bl Page 1 1 of 41 

09/334488 
April 10, 2001 
Littlefield et al. 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 21, 

Line 1 : the reagent 



H H 

{V s <V SH 

^— N should be ^— N 



Column 2 1 , 

Line 60: the reagent 



1) Ph 3 =CHC0 2 Et 1) Ph 3 P==CHC0 2 Et 
^ should be ► 



Column 22, 

Line 60: the reagent 



l)MPMOTCl ^ _ l)MPMOTCI 
► should be ► 



Column 23, 

Line 45: the reagent 



1)MPM0TC1 , l)MPMOTCI 
should be 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 



6,214,865 Bl Page 12 of 41 

09/334488 
April 10, 2001 
Littlefield et al. 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 24, 

Line 20: the unlabeled drawing should be labeled as - X400 as follows: 

H0 MeQ OMPM 
H0 M6Q OMPM H0^A„.,Q„^0Pv 



O 

O'""""" should be X400 



Column 24, 

Line 45: the reagent 



1) MPMOTC1 1) MPMOTCI 
► should be 



Column 24, 

Line 55: the drawing labeled "X412" should be labeled X412A, X412B 
Additionally, the drawing labeled "X412" 

F F should be F F 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,214,865 Bl Page 13 of 41 

APPLICATION NO. : 09/334488 
DATED : April 10,2001 

INVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 25, 

Line 2: the drawing labeled "10" should be labeled - 1 0a or 10b - as follows: 

Meq OBn MeQ OBn 

HO y— / HO W 

10 should be 10a or 10b 



Column 25, 

Line 34: the reagent 

1) MPMOTCI 1 ) MPMOTCI 
— — ► should be ► . 



Column 26, 

Line 15: the reagent 



1) MPMOTCI 1) MPMOTCI 
► should be — — 1 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,214,865 Bl Page 14 of 41 

APPLICATION NO. : 09/334488 
DATED : April 10,2001 

INVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 26, 

Line 35: the drawing labeled "33" should be labeled -- 33a - as follows: 



MeQ y-OMPM 
HO V-/ 



33 



0' '"^OPv 



MeQ ,-OMPM 



should be 



O 
33a 



OPv 



Column 29, 

Line 63: replace "BF 3 . OEt 2 " with BF 3 • OEt 2 ~. 
Column 32, 

Line 35: the drawing labeled "10" should be labeled - 10a or 10b - as follows: 

MeQ OBn MeQ OBn 

HO j—f HO 7—/ 

HO^A.XqX/OPv HO^^XqX^OFV 
10 should be 10a or 10b 



Column 32, 

Line 39: replace "Diol 10" with - Diol 10a or 10b --. 
Column 32, 

Line 44: replace "Na 2 S 2 0 5 . 5 H 2 0" with - Na 2 S 2 0 5 * 5H 2 0 --. 
Column 32, 

Line 49: replace "diol 10" with diol 10a or 10b 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,214,865 Bl Page 15 of 41 

APPLICATION NO. : 09/334488 
DATED : April 10, 2001 

INVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 32, 

Line 55: the drawing labeled "10" should be labeled 10a or 10b -- as follows: 

MeQ OBn MeQ OBn 

HO H0 /-/' 

10 should be 10a or 10b 



Column 32, 

Line 66: replace "diol 10" with diol 10a or 10b --. 
Column 34, 

Line 20: replace "NaB0 3 . 4 H 2 0" with - NaB0 3 • 4H 2 0 --. 
Column 34, 

Line 45: replace "0.021 mmol" with 0.021 mol --. 

Column 35, 

Line 5: the reagent 

MPM0TC1 . , , u MPM0TCI 
► should be ► ♦ 



Column 35, 

Line 18: replace "BF 3 . OEt 2 " with BF 3 • OEt 2 --. 
Column 35, 

Line 22: replace "BF 3 . OEt2" with BF 3 • OEt 2 --. 



Column 36, 

Line 53: replace "NaB0 3 . 4 H 2 0" with NaB0 3 • 4H 2 0 --, 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,214,865 Bl Page 16 of 41 

APPLICATION NO. : 09/334488 

DATED : April 10,2001 

INVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 39, 

Line 1 : the drawing labeled "B23 1 7" 

MeQ /-OH * MeO /-OH 

TBSO V-i TBSO V-/ 

should be v 




UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,214,865 Bl Page 17 of 41 

APPLICATION NO. : 09/334488 
DATED : April 10,2001 

INVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 41, 

Line 25: the drawing labeled "B23 1 3 : 




Column 42, 

Line 17: replace "B2308" with B2307 and B2308 --. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,214,865 Bl Page 18 of 41 

APPLICATION NO. : 09/334488 
DATED : April 10, 2001 

INVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 42, 

Line 35: the drawing labeled "B2308" should be labeled B2307, B2308 as follows: 




UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO, : 6,2 1 4,865 B 1 Page 1 9 of 4 1 

APPLICATION NO. : 09/334488 
DATED : April 10, 2001 

INVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 42, 

Line 45: the drawing labeled "B2305, B2306" 




Column 44, 

Line 21 ; replace "alcohol, 2.4 g mg," with -- alcohol, 2.4 g, --, 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 



6,214,865 Bl 
09/334488 
April 10, 2001 
Littlefield et al. 



Page 20 of 41 



It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 44, 

Line 22: replace "triflic anhydride" with methanesulfonyl anhydride --, 
Column 44, 

Line 24: replace "chromatrographed" with — chromatographed 
Column 44, 

Line 61 : replace "DMF, 0.06 mL," with DMF, 0.5 mL s --. 

Column 45, 

Lines 39-40: replace 

"N-methylmorpholine oxide (NMO), and then a solution of 1.02 g, 
tetrapropylammonium perruthenate" 



- N-methylmorpholine oxide (NMO) (1 .02 g), and then a solution of 
tetrapropylammonium perruthenate --. 

Column 46, 

Line 30: the drawing labeled "ER804028" 



Column 49, 

Line 26: replace "SmI reagent, 0.05 mL, as added" with 
Sml 2 reagent, 0.05 mL, was added --. 

Column 54, 

Line 21 : replace (Schemes 3 and 5) with -- (Schemes 4 and 6) --. 



with 




UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,2 1 4,865 B 1 Page 2 1 of 4 1 

APPLICATION NO. : 09/334488 

DATED : April 10, 2001 

INVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 54, 

Lines 22-23: replace (see schemes 4 and 5) with -- (see schemes 3 and 5) --. 

Column 56, 

Line 40: the reagent 

p-F— PhCH 2 Br p-F-PhCH 2 Br 
► should be — 



Column 59, 

Line 1 : the drawing labeled "B 1 984, B 1 990, B 1 992" 




UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,2 1 4,865 B 1 Page 22 of 4 1 

APPLICATION NO. : 09/334488 
DATED : April 10, 2001 

INVENTOR(S) : Littlefield et al 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 60, 

Line 40: The drawing labeled "B2042" 




Column 62, 

Lines 7-8: replace "Found: 753.3969" with --Found: 755.3969 --, 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,2 1 4,865 B 1 Page 23 of 4 1 

APPLICATION NO. : 09/334488 

DATED : April 10,2001 

INVENTOR(S) : Littlefield et aL 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown betow: 



Column 62, 

Line 10: the drawing labeled "B 1 896, B 1 897" 




UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 



6,214,865 Bl 
09/334488 
April 10, 2001 
Littlefield et al. 



Page 24 of 41 



It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 67, 

Line 1 : the drawing labeled "B201 1, B2008" 



Column 71, 

Line 4 1 : replace "897.352 1 . Found: 897.3533." with 
- 879.3521. Found: 879.3533.--. 



Column 72, 

Line 45: the reagent 




MeQ 




should be 
MeQ 
0 '/ 



H 



1) TBDPSCI ^ 1)TBDPSC1 
► should be — - ► . 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 



6,214,865 Bl 
09/334488 
April 10, 2001 
Littlefield et al 



Page 25 of 41 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 72, 

Line 45: the reagent 



Column 78, 

Line 30: replace "C5oH 64 N 2 0 1 2+Na" with CsoH^On+Na 
Column 78, 

Line 46: replace "C 4 9H 65 NOi3+Na" with - C 5 oH 69 NO)5+Na --. 
Column 79, 

Line 25: replace "a 1 :9 mixture" with -- a 9: 1 mixture --. 
Column 79, 

Line 28: replace "Found: 884.4012" with Found: 882.4012--. 

Column 8 1 , 

Line 40: the reagent 



3) DBAF should be 3) TBAF 



l)Ph 3 =CHC0 2 Et 



l)Ph 3 P=CHC0 2 Et 



should be 



Column 83, 

Line 35: the reagent 



MPMOTC1 



should be 



MPMOTCI 



Column 83, 

Line 54: replace "BF 3 . OEt 2 " with - BF 3 • OEt 2 --. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 



6,214,865 Bl 
09/334488 
April 10, 2001 
Littlefield et al. 



Page 26 of 41 



It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 84, 

Line 28: replace "TsOH . H 2 0" with TsOH • H 2 0 --. 
Column 84, 

Line 30: replace "TsOH . H 2 0" with » TsOH • H 2 0 --. 
Column 86, 

Line 1 : the drawing labeled "1 14" 





TBSO 



should be 



TBSO 



Column 90, 

Line 1 : the drawing labeled "203 ! 
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CERTIFICATE OF CORRECTION 



PATENT NO. : 6,214,865 Bl Page 27 of 41 

APPLICATION NO. : 09/334488 
DATED : April 10, 2001 

INVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 93, 

Line 5: the drawing labeled "207" 
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CERTIFICATE OF CORRECTION 



PATENT NO. : 6,214,865 B1 Page 28 of 41 

APPLICATION NO. : 09/334488 
DATED : April 10,2001 

INVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 93, 

Line 25: the drawing labeled "208 A and 208B' 
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CERTIFICATE OF CORRECTION 



PATENT NO. : 6,214,865 Bl Page 29 of 41 

APPLICATION NO. : 09/334488 
DATED : April 10,2001 

INVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 93, 

Line 50: the drawing labeled "208A and 208B' 




UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,214,865 Bl Page 30 of 41 

APPLICATION NO. : 09/334488 
DATED : April 10,2001 

INVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 94, 

Line 1: the drawing labeled "B2039, B2043" 




Column 94, 

Line 43: replace "warn" with - warm --, 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 



6,214,865 B1 Page 31 of 41 

09/334488 
April 10, 2001 
Littlefield et al. 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 94, 

Line 60: the drawing labeled "20" should be -- X-20 -- as follows: 

MeO, y 0Bn Me0 ^_y° Bn 

20 should be x "20 



Column 96, 

Lines 4-5: replace "NaB0 3 o4 H 2 0" with NaB0 3 • 4H 2 0 --. 

Column 96, 

Line 35: the reagent 

MPMOTCI u _ u MPMOTCI 
► should be ► 



Column 96, 

Line 44: replace "BF 3 . OEt 2 " with ~ NaB0 3 • OEt 2 --. 
Column 97, 

Line 59: replace "NaB0 3 . 4 H 2 0" with NaB0 3 • 4H 2 0 --. 
Column 98, 

Line 58: replace "BF 3 . OEt 2 " with » BF 3 • OEt 2 «. 
Column 99, 

Line 50: replace "Na 2 S 2 0 5 . 5H 2 0" with - Na 2 S 2 0 5 • 5H 2 0 --. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 



6,214,865 B1 
09/334488 
April 10, 2001 
Littlefield et al. 



Page 32 of 41 



It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 101, 

Line 1 : replace the drawing labeled "38" with the drawing labeled - 35a, 35b -- as 
follows: 





38 



should be 



35a, 35b 



Column 103, 

Line 1 : the drawing labeled "B2091 




■H 



should be 



MeQ 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 



6,214,865 Bl Page 33 of 41 

09/334488 
April 10, 2001 
Littlefield et al. 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 103, 

Line 64: replace "NaB0 3 . 4 H 2 0" with ~ NaB0 3 • 4H 2 0 



Column 106, 

Line 60: the drawing labeled "309' 1 



MeQ OMPM MeQ OMPM 

TBSO should be TBSO 



Column 107, 

Line 14: replace "NaB0 3 . 4 H 2 0" with NaB0 3 • 4H 2 0 



Column 107, 

Line 20: the drawing labeled "3 1 0" 

MeQ OMPM MeQ OMPM 

TBSO should be TBSO 
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CERTIFICATE OF CORRECTION 



PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 



6,214,865 B1 Page 34 of 41 

09/334488 
April 10, 2001 
Littlefield et al. 



It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 107, 

Line 50: the drawing labeled "3 1 1 " 

MeQ OMPM MeQ OMPM 

H "ri 

TBSO should be TBSO 



Column 108, 

Line 12: the drawing labeled "312" 



Meq OH MeQ OH 

TBSO should be TBSO 



Column 109, 

Line 23: replace "NaB0 3 . 4 H 2 0" with -- NaB0 3 • 4H 2 0 -. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 



6,214,865 Bl 
09/334488 
April 10, 2001 
Littlefield et al. 



Page 35 of 41 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 110, 
Line 5: the reagent 



Column 110, 

Line 26: replace "BF 3 . OEt 2 " with BF 3 • OEt 2 --. 
Column 111, 

Line 3 1 : the drawing labeled "B 1 897" should be labeled B 1 896, B 1 897 
Additionally, the drawing labeled "B1897" 



MPMOTC1 



should be 



MPMOTCI 




H 



ahould be 




UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,214,865 Bl Page 36 of 41 

APPLICATION NO. : 09/334488 
DATED : April 10,2001 

INVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 112, 

Line 31: the drawing labeled "B 1 942" 




H 



Column 113, 

Line 1: replace "A mixture of B 1897" with - A mixture of B1896/B 1897 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 



6,214,865 Bl Page 37 of 41 

09/334488 
April 10, 2001 
Littlefield et al. 



It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 113, 

Line 29: replace "finish" with - furnish --. 
Column 1 1 3, 

Line 30: replace "doH^On + H" with C40H53F3O)] + H «. 
Column 1 16, 

Line 49: replace "NaB0 3 . 4H 2 0" with NaB0 3 • 4H 2 0 «. 
Column 1 16, 

Lines 5 1 -52: replace "NaB0 3 . 4H 2 0" with - NaB0 3 • 4H 2 0 --. 
Column 117, 

Line 25: the drawing labeled "408" 



MeQ OMPM MeQ OH 

TBSO W TBSO W 

TBSO^X^^'V'^^OPv TBSO^^^"V'''' /s OPv 

F F should be F F 
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INVENTOR(S) 



6,214,865 B1 
09/334488 
April 10, 2001 
Littlefield et al. 



Page 38 of 41 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 1 1 7, 

Line 56: replace "TMF" with ~ THF --. 
Column 118, 

Line 21 : replace "NaB0 3 . 4H 2 0" with -- NaB0 3 • 4H 2 0 --. 
Column 119, 

Line 26: replace "BF 3 . OEt 2 " with BF 3 • OEt 2 --. 

Column 119, 
Lines 42-43: replace 

"412B (46 mg, 36% for 2 steps) as a -9:1 mixture of C34 isomers" 
with 

-- 412B:412A (46 mg, 36% for 2 steps) as a -9:1 mixture of C34 isomers ~. 
Column 120, 

Line 10: the label in the drawing labeled "10" should be 10a or 10B Additionally, 
the drawing labeled "10" 




MeQ 



,OBn 



MeQ 



OBn 



HO, 



OPv 



should be 



HO, 




OPv 
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6,214,865 Bl 
09/334488 
April 10, 2001 
Littlefield et al. 



Page 39 of 41 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 120, 

Line 26: replace "diol 10" with - diol 10a or 10b --. 
Column 120, 

Line 36: replace "TMF" with THF 
Column 121, 

Line 9: the unlabeled drawing should be labeled 501 Additionally, the unlabeled 
drawing 





HO 



should be 



HO 



« 4 

1 X 
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PATENT NO. : 6,214,865 Bl Page 40 of 41 

APPLICATION NO. : 09/334488 
DATED : April 10, 2001 

INVENTOR(S) : Littlefield et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 122, 

Line 9: the drawing labeled "B 1963" 




Column 127, 

Line 39: replace "fall range" with - 



- full range — . 
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PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 



6,214,865 Bl 
09/334488 
April 10, 2001 
Littlefield et al. 



Page 41 of 41 



It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 129, claim 1 
Line 13: the drawing 



Column 130, claim 7 

Line 58: replace "7. The compound of claim 6" with 

- 7. The compound of claim 5 --. 

Column 131, claim 16 

Line 19: replace "16. The compound of claim 6" with 

- 1 6. The compound of claim 5 --. 




l!r X 



should be 



6' X 



Signed and Sealed this 



Twenty-second Day of January, 2008 




JON W, DUDAS 
Director of the United States Patent and Trademark Office 
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l hereby certify under 37 CFR 1 .8(a) that this correspondence is being deposited with the United St 
class mall with sufficient postage on the date indicated above and is addressed to BOX ASSIGNM 
Patents and Trademarks, Washington, D.C. 20231. 



Printed Name 



Nicky MsKlnnpo 




stal ^rvicei^irst 
nissioner of 



r 

IgRature 



RECORDATION FORM COVER SHEET 
PATENTS ONLY 



Commissioner of Patents & Trademarks: Please record the attached document. 



1. Names of all conveying parties: 

1. ) BruceA. Littlefield 

2. ) Monica H. Palme 

3. ) Boris M. Seletsky 

4. ) Murray J. Towle 

5. ) Meivin J. Yu 

6. ) Wanjun Zheng 

Additional names attached: NO 


2. Names and addresses of all receiving parties: 
Eisai Co., Ltd. 

Koishikawa, Bunkyo-Ku 4-6-10 
Tokyo, Japan 

Additional names/addresses attached: NO 


3. Nature of conveyance: 
[X] Assignment 
[ ] Merger 

[ ] Security Agreement 
[ ] Change of Name 
r 1 Other: 

Execution Date: July 7, 1999 and July 9, 1999 




4. Application numbers or patent numbers: 
A. Patent Application Numbers: 
09/334,488 


B. Patent Numbers: 


5. Name and address of party to whom 
correspondence concerning document should be 
mailed: 

Paul T. Clark, Registration No. 30,162 
Clark & Elbing LLP 
176 Federal Street 
Boston, MA 02110 


6. Total number of applications/patents involved: 1 

7. Total fee (37 CFR 3.41): $40.00 
[X] Fee enclosed 

[ ] Authorized to charge deposit account 

8. Deposit account number; 03-2095. If the fee 
above Is being charged to deposit account, a 
duplicate copy of this cover sheet is attached. 
Please apply any additional charges, or any 
credits, to Deposit Account No. 03-2095. 



01 FCi»l 



40.00 DP 



9. Statement and signature: Tfo the best of my knowledge and belief, the foregoing information is true and 
correct and the attached is the original document 



Susan All, tA\dha.*d 
Name of person signing 



Signature fag.Aio.l2,?*)> 
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ASSIGNMENT 



For valuable consideration, we, 



Full Name of Assignor 


City 


State (and Country if not USA) 


Bruce A. Littlefield 


Andover 


MA 


Monica H, Palme 


San Jose 


CA 


Boris M. Seletsky 


Andover 


MA 


Murray J. Towle 


Auburn 


NH 


Melvin J. Yu 


Andover 


MA 


Wanjun Zheng 


Londonderry 


NH 


hereby assign to 


Full Name of Assignee 


State of Incorporation 


Business Address 


Eisai Co., Ltd. 


Japan 


Koishikawa, Bunkyo-Ku 4-6-10 
Tokyo, JAPAN 


and to its successors and assigns (collectively hereinafter called "the Assignee"), the entire right, title and 
interest throughout the world In the inventions and improvements which are subject of one or more 
applications for United States Patent signed by us, identified as: 


Title of Application 


Filing Date 


Serial Number 


Macrocyclic Analogs and 
Methods of Their Use and 
Preparation 


June 16, 19g9 


09/334,488 



and we authorize and request the attorneys appointed in said application to hereafter complete this 
assignment by inserting above the filing date and serial number of said application when known; this 
assignment includes said application, any and all United States and foreign patents, utility models, and 
design registrations granted for any of said inventions or improvements, and the right to claim priority 
based on the filing date of said application under the International Convention for the Protection of 
Industrial Property, the Patent Cooperation Treaty, the European Patent Convention, and all other treaties 
of like purposes; and we authorize the Assignee to apply in all countries in our names or In its own name 
for patents, utility models, design registrations and like rights of exclusion, and for Inventors 1 certificates for 
said inventions and improvements; and we agree for ourselves and our respective heirs, legal 
representatives and assigns, without further compensation, to perform such lawful acts and to sign such 
further applications, assignments, Preliminary Statements and other lawful documents as the Assignee 
may reasonably request to effectuate fully this assignment. 
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In Witness Whereof, I hereto set my hand and seal at /(*( ju. ^ AicMsu r/iuSe/jh^ £(.S-A. — , 

this T^ 1 day of kTJj : \%2L 

4- LS 

Bruce A. Litfiegeld ' 
State of /^i^ ^Aujuj^ ) 

county of Vr^6^ : 

Before me this day of ,-~W^f ■ personally appeared Bruce A. 

Littlefield known to me to be the person whose r^rfie is^ubscnbed to the foregoing Assignment, and 
acknowledged that he/she executed the same as his/her free act and deed for the purposes therein 
contained. 



Notary Public 

[Notary's Seal Here] 




My Commission Expires: 7^^e^ & *W 



In Witness Whereof, I hereto set my hand and seal at \\pvmaW\\A — if?^ 

3^ 19^3 



this T day of 



LS. 



Monica H. Palme 
State of ().\ (/ Wi m& 



County of 



:ss. 



Before me this '7' ^ day of hiii \ . 19& personally appeared Monica H. 
Palme known to me to be the person whose name is subscribed to the foregoing Assignment, and 
acknowledged that.h^she executed the same as Ws^her free act and deed for the purposes therein 
contained. ' * 



'J ; * 



Notary Public 



INotary's Seal Here] 



My Commission Expires: 




SARAH V.CHANG 
Commission* 1186243 
Notary Pubflc-Callfofnio § 
San Mateo Covnty 
My Comm. Expires Jul 24, 2002 
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In Witness Whereof, I hereto set my hand and seal at jHfta0u£C 

: , 19jS 



this ^ day of ^J"^ 

6. 



LS. 



Boris M. Sej^teky 
State of. 



County of 



Sel^teky 



:ss. 



Before me this 



Seletsky known to me to be the person 
acknowledged that he/she executed th< 
contained. 




personally appeared Boris M. 
> the foregoing Assignment, and 
i deed for the purposes therein 




[Notary's Seal Here] 



Commission Expires: 



In Witness Whereof, I hereto set my hand and seal at A/Jbvet~ t /l{a<<;cirAu*e&^ 
this 1_ day of _ JZ i y 1911 

~?frW/lA*y Cj y^WtL ; LS. 

Murray J. Tovyfe. f 

State of ^^^c^uMP , 

"C* ✓ :ss ' 
nniiMTvnF tZ4du*£ : 

Before me this 7^" day af ^/du . 19j$? personally appeared Murray J. Towle 
known to me to be the person whose name is s^crfe^cl to the foregoing Assignment, and acknowledged 
that he/she executed the same as his/her free act and deed for the purposes therein contained. 




Notary Public 



My Commission Expires: ^-j^/iu&uf t° 9 
[Notary's Seal Here] J 
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In 
this 



Witness VVhereof, I hereto set my hand and seal at finfaver' ffi&fiacixu s cH* i/S.A . 
7* davof Tuty wZl 

^ZZ3?%L^ : _ls. 

Melvin J. Yu s. Xj 

State of /^w^o/^tu&Z ': 

=» ^ :ss. 
County of V^t^^ : 

Before me this day o\ sAy>uiu . 19^2 personally appeared Melvin J. Yu 

known to me to be the person whose name is s^b^fib^dto the foregoing Assignment, and acknowledged 
that he/she executed the same as his/h^r free act and deecHor the purposes therein contained. 




ft 



[Notary's Seal Here} 



Notary Public 
My 



Commission Expires: ( $i 



In Witness Whereof, I hereto set my hand and seal at 
this 7** day of \ h//y : . 19 




anjun Zhena? 
State ^^Mte^s^T 



County of . 



:ss. 



Before me this . 



day o\ fpuj^if . 19.2/ personally appeared Wanjun Zheng 



known to me to be the person whose name is subscribed to the foregoing Assignment, and acknowledged 
that he/she executed the same as his/b^r tree act and dped for the purposes therein contained. 




[Notary's Seal Here] 



My Commission Expires: 
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PATENT ASSIGNMENT 



Electronic Version v1 .1 
Stylesheet Version v1.1 



SUBMISSION TYPE: 



NEW ASSIGNMENT 



NATURE OF CONVEYANCE: 



ASSIGNMENT 



CONVEYING PARTY DATA 



Name 


Execution Date 


Eisai Co., Ltd. 


05/11/2007 



RECEIVING PARTY DATA 



Name: 


Eisai R&D Management Co., Ltd. 


Street Address: 


6-10, Koishikawa 4-chome, Bunkyo-ku 


City: 


Tokyo 


State/Country: 


JAPAN 


Postal Code: 


112-8088 



PROPERTY NUMBERS Total: 5 



Property Type 


Number 


Application Number: 


60089682 


Application Number: 


09334488 


Application Number: 


09677485 


Application Number: 


09843617 


PCT Number: 


US9913B77 



CORRESPONDENCE DATA 



Fax Number: 


(617)428-7045 




Correspondence will be sent via US Mail when the fax attempt is unsuccessful. 


Phone: 


6174280200 




Email: 


patentadministrator@clarkelbing.com 


Correspondent Name: 


Susan M. Michaud 


Address Line 1: 


Clark & Elbing LLP 


Address Line 2: 


101 Federal Street 


Address Line 4: 


Boston, MASSACHUSETTS 02110 


ATTORNEY DOCKET NUMBER: 


04520/016003 


NAME OF SUBMITTER: 


Susan M. Michaud _ . 

PATENT 


500437438 




REEL: 020352 FRAME: 0458 



Total Attachments: 4 

source=04520.0D1001 Assignment of All U.S. cases#page1.tif 
source=04520.001001 Assignment of All U.S. cases#page2.tif 
source=04520.001001 Assignment of All U.S. cases#page3.tif 
source=04520.001001 Assignment of All U.S. cases#page4.tif 
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ASSIGNMENT 



For valuable consideration, we, 



Full Name of Assignor 


Business Address 


Eisai Co., Ltd. 


6-10, Koishikawa 4-chome, Bunkyo-ku 
Tokyo 112-6088, Japan 


hereby assign to 


Full Name of Assignee 


Business Address 


Eisai R&D Management Co., Ltd 


6-10, Koishikawa 4-chome, Bunkyo-ku 
Tokyo 112-8088, Japan 



and to its successors and assigns (collectively hereinafter called "the Assignee"), our entire right, title, and 
interest throughout the world in the inventions and improvements which are subject of one or more 
applications for United States Patent, listed on the attached Appendix A. 



This assignment Includes said applications, any and all United States and foreign patents, utility models, 
and design registrations granted for any of said inventions or improvements, and the right to claim priority 
based on the filing date of said application under the international Convention for the Protection of 
Industrial Property, the Patent Cooperation Treaty, the European Patent Convention, and all other treaties 
of like purposes; and we authorize the Assignee to apply In all countries in our names or in its own name 
for patents, utility models, design registrations, and like rights of exclusion, and for inventors' certificates 
for said inventions and improvements; and we agree for ourselves and our respective heirs, legal 
representatives and assigns, without further compensation, to perform such lawful acts and to sign such 
further applications, assignments, Preliminary Statements, and other lawful documents as the Assignee 
may reasonably request to effectuate fully this assignment This assignment also includes the right to sue 
for past acts of infringement, whether based on any patents listed herein, patents issuing from 
applications listed herein, or provisional rights from any patent applications listed herein. 
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ASSIGNOR : 



Signature; _ 




Nobuo Deguchi 
Senior Vice President, Intellectual Property 
Eisai Co., Ltd. 



^ Date: </ . ^? 



Witness; 

Signature: /^UJf*$~*S*ZZ' Date: /tfy // **~7 
Printed name: MA kttTP WAMo *A Kl 

ASSIGNEE : 

Signature: /CfaSUn %J^m^m Date: Afcy /(P. 2^y? 

Kentaro Yoshimafsu 
President 

Eisai R&D Management Co., Ltd. 

Witness: 

Signature: /fr*^ Date: W <9* **7 

Printed name: 
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Appendix A 




Application Number 


Filing Date 


U.S. Patent Number 


07/776100 


11-Oct-1991 




07/935050 


25-Aug-1992 


5,530,113 


08/484525 


07-Jun-1995 


5,612,476 


08/475492 


07-Jun-1995 


5,756,718 


08/472820 


07-Jun-1995 


5,843,918 


07877664 


01-May-1992 


5.340,833 


06/461675 


Q5-Jun-1995 


5,750,664 


08/461677 


05-Jun-1995 


5,681,824 


08/704664 


19-MaM997 


5,840.918 


PCT/US95/03387 


15-MaM995 




08/658656 


05-Jun-1996 


5,935,938 


09/293856 


16-ApM999 


6,184,366 


09/774541 


30-Jan-2001 




10/144670 


13-May-2002 




PCT/US96/09578 


05-Jun-1996 




60/089682 


17-Jun-1998 




09/334488 


16-Jun-1999 


6,214,865 


. 09/677485 


02-Oct-2000 


6,365,759 


09/843617 


26-Apr-2001 


6,469,182 


PCT/US99/13677 


16-Jun-1999 




60/116202 


14-Jan-1999 




09/889274 


12-Jul-20Q1 




10/171465 


13-Jun-2002 




11/010550 


13*Deo20Q4 




PCT/US00/01043 


14-Jan-2000 




PCT/US03/18678 


13-Jun-2003 




09/449501 


23-Nov-1999 


6,417,172 


10/167222 


11-Jun-2002 


6,663,063 


PCT/US00/32177 


22-Nov-2000 




60/179203 


31-Jan-2000 




10/182658 


O5-Apr-2004 




60/176142 


14-Jan-20Q0 




10/169628 


07-May-2003 




10/844265 


12«May-2004 




PCT/US01/01273 


12-Jan-2001 




60/223895 


09-Aug-2000 




10/344183 


05-Jun-2003 




PCTAJS01/41627 


07-Aug-2001 




60/210638 


09-Jun-2000 




09/37971 B 


U-Jun-2001 




10/171478 


13-Jun-2002 




11/010516 


13-Dec-2Q04 




PCT/US01/40918 


11-Jun-2001 




PCT/US03/19022 


1 3-Jun-2003 




10/272167 


16-Oct-2002 


6,653,341 


10/687526 


16-Oct-2003 




PCT/US2003/032711 


16-Oct-2003 




' 60/296604 


07-Jun-2001 




10/479774 


24-Sep-2004 


7,087,649 


PCT/US02/18201 


07-Jun-2002 




60/311325 


1OAug-2001 




10/486455 


26-JuU2004 




PCT/US02/25452 


12-Aug-2Q02 




60/286215 


24-Apr-2001 




10/476318 


12-May-2004 




PCT/US02/12504 


19-Apr-2002 




60/293012 


22-May-2001 
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Appendix A 




Application Number 


Filing Date 


U.S. Patent Number 


10/478459 


01-Jun-2004 




PCT/US02/1B203 


22-May-2002 




60/452022 


05-Mar-2003 




10/547599 


01~Sep-2005 




PCT/US2004/005713 


05-Mar-2004 




60/446891 


12-Feb-2003 




10/545136 


1O-Aug-2005 




PCT/US04/004552 


12-Feb-2004 




60/639025 


21-Oec-2004 




60/490757 


29-Jul-2003 




10/566331 


27-Jan-2006 




PCT/US2004/024550 


29-Jul-2004 




60/514283 


24-Oct-2003 




10/973164 


25-Oct-2004 




PCT/US2004/035447 


25-Oct-2004 




11/282505 


18-NOV-2005 




PCT;US2006/044731 


15-NOV-2006 




60/641993 


07-Jan-2005 




11/328732 


09-Jan-20Q6 




60/680733 


13-May-2Q05 




11/434019 


15-May-2006 




PCT/IB2006/003538 


15-May-2006 




60/576642 


03-Jun-2004 




60/626769 


IO-Nov-2004 




60/663300 


1B-Mar-2Q05 




1 1/628396 


01-Dec-2006 




PCT/US2005/019669 


03-Jun-2005 




60/634734 


09-Dec-2Q04 




11/299260 


07-Dec-2005 




PCT/US05/44421 


07-Dec-2005 




10/929624 


30-Aug-2QQ4 




PCT/US05/30669 


29-Aug-2Q05 




60/536196 


13-Jan-2004 




1 1/035930 


13-Jan-2005 




PCT/US2005/001471 


13-Jan-2005 




PCT/IB2006/003538 


15-May-2Q06 




10/498.751 


15-Jun-04 
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EXHIBIT 3 



HIGHLIGHTS OF PRESCRIBING INFORMATION 
These highlights do not include all the information needed to use 
HALAVEN™ safely and effectively. See full prescribing 
information for HALAVEN. 
HALAVEN™ (eribulin mesylate) Injection 
For intravenous administration only. 
Eisai Inc. 

Initial US Approval: 2010 

INDICATIONS AND USAGE 

• HALAVEN is a microtubule inhibitor indicated for the 

treatment of patients with metastatic breast cancer who have 
previously received at least two chemotherapeutic regimens 
for the treatment of metastatic disease. Prior therapy should 
have included an anthracycline and a taxane in either the 
adjuvant or metastatic setting (1). 



DOSAGE AND ADMINISTRATION 

• Administer 1 .4 mg/m 2 intravenously over 2 to 5 minutes on 
Days I and 8 of a 2 1 -day cycle (2. 1 ). 

• Reduce dose in patients with hepatic impairment and moderate 
renal impairment (2. 1 ). 

• Do not mix with other drugs or administer with dextrose- 
containing solutions (2.3). 

DOSAGE FORMS AND STRENGTHS 

Intravenous administration. 
Eribulin mesylate injection, 1 mg per 2 mL (0.5 mg per mL) (3). 

CONTRAINDICATIONS 

None. 



WARNINGS AND PRECAUTIONS 

• Neutropenia: Monitor peripheral blood cell counts and adjust 
dose as appropriate (2.2, 5. 1 , 6). 

• Peripheral Neuropathy: Monitor for signs of neuropathy. 
Manage with dose delay and adjustment (2.2, 5.2, 6). 

• Use in Pregnancy: Fetal harm can occur when administered to 
a pregnant woman (5.3) (8.1). 

• QT Prolongation; Monitor for prolonged QT intervals in 
patients with congestive heart failure, bradyarrhythmias, drugs 
known to prolong the QT interval, and electrolyte 
abnormalities. Avoid in patients with congenital long QT 
syndrome (5.4). 



ADVERSE REACTIONS 

The most common adverse reactions (incidence >25%) were 
neutropenia, anemia, asthenia/fatigue, alopecia, peripheral 
neuropathy, nausea, and constipation (6). 

To report SUSPECTED ADVERSE REACTIONS, contact 
Eisai Inc. at (1-877-873-4724) or contact FDA at 1-800-FDA- 
1088 or www.fda.gov/medwatch 



-USE IN SPECIFIC POPULATIONS 

► Nursing Mothers: Discontinue drug or nursing, taking into 
consideration the importance of the drug to the mother (8.3). 

> Hepatic Impairment: A lower starting dose is recommended 
for patients with mild (Child-Pugh A) and moderate (Child- 
Pugh B) hepatic impairment. Patients with severe hepatic 
impairment (Child-Pugh C) were not studied (8.6). 

• Renal Impairment: A lower starting dose is recommended 
for patients with moderate (CrCl 30-50 mL/min) renal 
impairment. Patients with severe (CrCl < 30 mL/min) renal 
impairment were not studied (8.7). 

See 17 for PATIENT COUNSELING INFORMATION and 
FDA-Approved Patient Labeling. 

Revised: 11/2010 
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FULL PRESCRIBING INFORMATION |FINAL| 



1 INDICATIONS AND USAGE 

2 DOSAGE AND ADMINISTRATION 

2.1 Recommended Dose 

2.2 Dose Modification 

2.3 Instructions for Preparation and Administration 

3 DOSAGE FORMS AND STRENGTHS 

4 CONTRAINDICATIONS 

5 WARNINGS AND PRECAUTIONS 

5.1 Neutropenia 

5.2 Peripheral Neuropathy 

5.3 Embryo-Fetal Toxicity 

5.4 QT Prolongation 
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7 DRUG INTERACTIONS 

7. 1 Effects of Other Drugs on HALAVEN 
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10 OVERDOSAGE 

11 DESCRIPTION 
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* Sections or subsections omitted from the full prescribing 
information are not listed. 
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1 INDICATIONS AND USAGE 



HALAVEN is indicated for the treatment of patients with metastatic breast cancer who have 
previously received at least two chemotherapeutic regimens for the treatment of metastatic 
disease. Prior therapy should have included an anthracycline and a taxane in either the adjuvant or 
metastatic setting. 



2 DOSAGE AND ADMINISTRATION 

2*1 Recommended Dose 

The recommended dose of HALAVEN is 1.4 mg/m 2 administered intravenously over 
2 to 5 minutes on Days 1 and 8 of a 21 -day cycle. 

The recommended dose of HALAVEN in patients with mild hepatic impairment (Child-Pugh A) 
is 1.1 mg/m 2 administered intravenously over 2 to 5 minutes on Days 1 and 8 of a 21-day cycle. 
[see Use in Specific Populations (8. 6)] 

The recommended dose of HALAVEN in patients with moderate hepatic impairment (Child-Pugh 
B) is 0.7 mg/m 2 administered intravenously over 2 to 5 minutes on Days 1 and 8 of a 21 -day cycle. 
[see Use in Specific Populations (8.6)] 

The recommended dose of HALAVEN in patients with moderate renal impairment (creatinine 
clearance of 30-50 mL/min) is 1.1 mg/m 2 administered intravenously over 2 to 5 minutes on Days 
1 and 8 of a 21 -day cycle, [see Use in Specific Populations (8. 7)] 

2.2 Dose Modification 

Assess for peripheral neuropathy and obtain complete blood cell counts prior to each dose. 
Recommended dose delays 

• Do not administer HALAVEN on Day 1 or Day 8 for any of the following: 

- ANC< 1,000/mm 3 

- Platelets < 75,000/mm 3 

- Grade 3 or 4 non-hematological toxicities. 

• The Day 8 dose may be delayed for a maximum of 1 week. 

If toxicities do not resolve or improve to < Grade 2 severity by Day 1 5, omit the dose. 

- If toxicities resolve or improve to < Grade 2 severity by Day 1 5, administer HALAVEN 
at a reduced dose and initiate the next cycle no sooner than 2 weeks later. 
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Recommended dose reductions 



• If a dose has been delayed for toxicity and toxicities have recovered to Grade 2 severity or 
less, resume HALAVEN at a reduced dose as set out in Table 1 . 

• Do not re-escalate HALAVEN dose after it has been reduced. 
Table 1 Recommended Dose Reductions 

Recommended 

Event Description HALAVEN 

Dose 

Permanently reduce the 1.4 mg/m 2 HALAVEN dose for any of the 
following: 

ANC <500/mm 3 for >7 days 

ANC < 1,000 /mm 3 with fever or infection 

Platelets <25,000/mm 3 1 • 1 m &™ 2 

Platelets <50,000/mm 3 requiring transfusion 
Non-hematologic Grade 3 or 4 toxicities 

Omission or delay of Day 8 HALAVEN dose in previous cycle for toxicity 



0,7 mg/m 2 



Occurrence of any event requiring permanent dose reduction while receiving 
1.1 mg/m 2 

Occurrence of any event requiring permanent dose reduction while receiving Discontinue 

• 0.7 mg/m 2 ; HALAVEN 

ANC = absolute neutrophil count. 

Toxicities graded in accordance with National Cancer Institute (NCI) Common Terminology Criteria for Adverse 
Events (CTCAE) version 3.0. 

2.3 Instructions for Preparation and Administration 

Aseptically withdraw the required amount of HALAVEN from the single-use vial and administer 
undiluted or diluted in 100 mL of 0,9% Sodium Chloride Injection, USP. 

Do not dilute in or administer through an intravenous line containing solutions with 
dextrose. Do not administer in the same intravenous line concurrent with the other medicinal 
products. 

Store undiluted HALAVEN in the syringe for up to 4 hours at room temperature or for up to 
24 hours under refrigeration (40°F or/ 4°C). Store diluted solutions of HALAVEN for up to 
4 hours at room temperature or up to 24 hours under refrigeration. 

Discard unused portions of the vial. 

3 DOSAGE FORMS AND STRENGTHS 

HALAVEN (eribulin mesylate) Injection, 1 mg/2 mL (0.5 mg/mL). 

4 CONTRAINDICATIONS 
None. 
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5 WARNINGS AND PRECAUTIONS 



5.1 Neutropenia 

Severe neutropenia (ANC < 500/mm 3 ) lasting more than one week occurred in 12% (62/503) of 
patients in Study 1, leading to discontinuation in <1% of patients [see Adverse Reactions (6)]. 
Patients with alanine aminotransferase or aspartate aminotransferase > 3 * ULN (upper limit of 
normal) experienced a higher incidence of Grade 4 neutropenia and febrile neutropenia than 
patients with normal aminotransferase levels. Patients with bilirubin > 1.5 * ULN also had a 
higher incidence of Grade 4 neutropenia and febrile neutropenia. 

Monitor complete blood counts prior to each dose; increase the frequency of monitoring in 
patients who develop Grade 3 or 4 cytopenias. Delay administration of HALAVEN and reduce 
subsequent doses in patients who experience febrile neutropenia or Grade 4 neutropenia lasting 
longer than 7 days [see Dosage and Administration (2.2)]. Clinical studies of HALAVEN did not 
include patients with baseline neutrophil counts below 1,500/mm 3 . 

5.2 Peripheral Neuropathy 

Grade 3 peripheral neuropathy occurred in 8% (40/503) of patients, and Grade 4 in 0.4% (2/503) 
of patients in Study 1 . Peripheral neuropathy was the most common toxicity leading to 
discontinuation of HALAVEN (5% of patients; 24/503). Neuropathy lasting more than one year 
occurred in 5% (26/503) of patients. Twenty-two percent (109/503) of patients developed a new 
or worsening neuropathy that had not recovered within a median follow-up duration of 269 days 
(range 25-662 days). Monitor patients closely for signs of peripheral motor and sensory 
neuropathy. Withhold HALAVEN in patients who experience Grade 3 or 4 peripheral neuropathy 
until resolution to Grade 2 or less [see Dosage and Administration (2.2)], 

5.3 Embryo-Fetal Toxicity 

There are no adequate and well-controlled studies of HALAVEN in pregnant women, 
HALAVEN is a microtubule inhibitor; therefore, it is expected to cause fetal harm when 
administered to a pregnant woman. Embryo-fetal toxicity and teratogenicity occurred in rats that 
received eribulin mesylate at approximately half of the recommended human dose based on body 
surface area, If this drug is used during pregnancy, or if a patient becomes pregnant while taking 
this drug, she should be apprised of the potential hazard to the fetus [see Use in Specific 
Populations (8.1)]. 

5.4 QT Prolongation 

In an uncontrolled open-label ECG study in 26 patients, QT prolongation was observed on Day 8, 
independent of eribulin concentration, with no QT prolongation observed on Day 1 . ECG 
monitoring is recommended if therapy is initiated in patients with congestive heart failure, 
bradyarrhythmias, drugs known to prolong the QT interval, including Class la and III 
antiarrhythmics, and electrolyte abnormalities. Correct hypokalemia or hypomagnesemia prior to 
initiating HALAVEN and monitor these electrolytes periodically during therapy. Avoid 
HALAVEN in patients with congenital long QT syndrome. 

6 ADVERSE REACTIONS 

The following adverse reactions are discussed in detail in other sections of the labeling: 

• Neutropenia [see Warnings and Precautions (5.1)] 

• Peripheral neuropathy [see Warnings and Precautions (5.2)] 

• QT interval prolongation [see Warnings and Precautions (5.4)]. 

The most common adverse reactions (>25%) reported in patients receiving HALAVEN were 
neutropenia, anemia, asthenia/fatigue, alopecia, peripheral neuropathy, nausea, and constipation. 
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The most common serious adverse reactions reported in patients receiving HALAVEN were 
febrile neutropenia (4%) and neutropenia (2%). The most common adverse reaction resulting in 
discontinuation of HALAVEN was peripheral neuropathy (5%). 

Because clinical trials are conducted under widely varying conditions, the adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in other clinical trials 
and may not reflect the rates observed in clinical practice. 

In clinical trials, HALAVEN has been administered to 1,222 patients with multiple tumor types, 
including 240 patients exposed to HALAVEN for 6 months or longer. The majority of the 1,222 
patients were women (82%) with a median age of 58 years (range: 26 to 91 years). The racial and 
ethnic distribution was Caucasian (83%), Black (5%), Asian (2%), and other (5%). 

The adverse reactions described in Table 2 were identified in 750 patients treated in Study 1 [see 
Clinical Studies (14)]. In Study 1, patients were randomized (2:1) to receive either HALAVEN 
(1.4 mg/m 2 on Days 1 and 8 of a 21 -day cycle) or single agent treatment chosen by their physician 
(control group). A total of 503 patients received HALAVEN, and 247 patients in the control 
group received therapy consisting of chemotherapy [total 97% (anthracyclines 10%, capecitabine 
18%, gemcitabine 19%, taxanes 15%, vinorelbine 25%, other chemotherapies 10%)] or hormonal 
therapy (3%). The median duration of exposure was 1 1 8 days for patients receiving HALAVEN 
and 63 days for patients receiving control therapy. Table 2 reports the most common adverse 
reactions occurring in at least 10% of patients in either group. 
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Table 2 Adverse Reactions with a Per-Patient Incidence of at Least 10% in Study 1 
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neuropathy, and paraesthesia. 
c not applicable; (grading system does not specify > Grade 2 for alopecia). 



Cytopenias: Grade 3 neutropenia occurred in 28% (143/503) of patients who received 
HALAVEN in Study 1, and 29% (144/503) of patients experienced Grade 4 neutropenia. Febrile 
neutropenia occurred in 5% (23/503) of patients; two patients (0.4%) died from complications of 
febrile neutropenia. Dose reduction due to neutropenia was required in 12% (62/503) of patients 
and discontinuation was required in <1% of patients. The mean time to nadir was 13 days and the 
mean time to recovery from severe neutropenia (<500/mm 3 ) was 8 days. Grade 3 or greater 
thrombocytopenia occurred in 1% (7/503) of patients. G-CSF (granulocyte colony-stimulating 
factor) or GM-CSF (granulocyte-macrophage colony-stimulating factor) was used in 19% of 
patients who received HALAVEN. 

Peripheral Neuropathy: In Study 1, 17 % of enrolled patients had Grade 1 peripheral neuropathy 
and 3% of patients had Grade 2 peripheral neuropathy at baseline. Dose reduction due to 
peripheral neuropathy was required by 3% (14/503) of patients who received HALAVEN. Four 
percent (20/503) of patients experienced peripheral motor neuropathy of any grade and 2% (8/503) 
of patients developed Grade 3 peripheral motor neuropathy. 
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Liver Function Test Abnormalities: Among patients with Grade 0 or 1 ALT levels at baseline, 
18% of HALAVEN-treated patients experienced Grade 2 or greater ALT elevation. One 
HALAVEN-treated patient without documented liver metastases had concomitant Grade 2 
elevations in bilirubin and ALT; these abnormalities resolved and did not recur with re-exposure 
to HALAVEN. 

Less Common Adverse Reactions : The following additional adverse reactions were reported in 
>5% to <10% of the HALAVEN-treated group: 

• Eye Disorders: increased lacrimation 

• Gastrointestinal Disorders: dyspepsia, abdominal pain, stomatitis, dry mouth 

• General Disorders and Administration Site Conditions: peripheral edema 

• Infections and Infestations: upper respiratory tract infection 

• Metabolism and Nutrition Disorders: hypokalemia 

• Musculoskeletal and Connective Tissue Disorders: muscle spasms, muscular weakness 

• Nervous System Disorders: dysgeusia, dizziness 

• Psychiatric Disorders: insomnia, depression 

• Skin and Subcutaneous Tissue Disorders: rash 



7 DRUG INTERACTIONS 

7. 1 Effects of Other Drugs on HALAVEN 

No drug-drug interactions are expected with CYP3A4 inhibitors or P-gp inhibitors. The effect of 
ketoconazole, a strong inhibitor of cytochrome P450 3A4 (CYP3A4) and a P-gp inhibitor, on the 
pharmacokinetics (PK) of eribulin was studied in an open-label, two-treatment, two-sequence, 
two-way crossover trial in 12 patients with advanced solid tumors, The mean dose-normalized 
AUC values were similar when eribulin was administered with or without ketoconazole (ratio of 
the mean AUC: 0.97; 90% CI: 0.83, 1.12). 

7.2 Effect of HALAVEN on Other Drugs 

Eribulin does not inhibit CYP1 A2, CYP2C9, CYP2C19, CYP2D6, CYP2E1 or CYP3A4 enzymes 
or induce CYP1 A2, CYP2C9, CYP2C19 or CYP3A4 enzymes at relevant clinical concentrations. 
Eribulin is not expected to alter the plasma concentrations of drugs that are substrates of these 
enzymes [see Clinical Pharmacology (12. 3) ]. 

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy Category D [see Warnings and Precautions (5.3)] 

There are no adequate and well-controlled studies with HALAVEN in pregnant women. 
HALAVEN is a microtubule inhibitor, therefore, it is expected to cause fetal harm when 
administered to a pregnant woman. Embryo-fetal toxicity and teratogenicity occurred in rats that 
received eribulin mesylate at approximately half of the recommended human dose based on body 
surface area. If this drug is used during pregnancy, or if the patient becomes pregnant while 
taking this drug, the patient should be apprised of the potential hazard to the fetus. 

In a developmental toxicity study, pregnant rats received intravenous infusion of eribulin mesylate 
during organogenesis (Gestation Days 8, 10, and 12) at doses approximately 0.04, 0.13, 0.43 and 
0.64 times the recommended human dose, based on body surface area (mg/m 2 ). Increased 
abortion and severe external or soft tissue malformations were observed in offspring at doses 
0.64 times the recommended human dose based on body surface area (mg/m 2 ), including the 
absence of a lower jaw, tongue, stomach and spleen. Increased embryo-fetal death/resorption, 
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reduced fetal weights, and minor skeletal anomalies consistent with developmental delay were 
also reported at or above doses of 0.43 times the recommended human dose. 

Maternal toxicity of eribulin mesylate was reported in rats at or above doses of 0.43 times the 
recommended human dose (mg/m 2 ), and included enlarged spleen, reduced maternal weight gain 
and decreased food consumption. 

8.3 Nursing Mothers 

It is not known whether HALAVEN is excreted into human milk. No studies in humans or 
animals were conducted to determine if HALAVEN is excreted into milk. Because many drugs 
are excreted into human milk and because of the potential for serious adverse reactions in human 
milk fed infants from HALAVEN, a decision should be made whether to discontinue nursing or to 
discontinue HALAVEN taking into account the importance of the drug to the mother. 

8.4 Pediatric Use 

The safety and effectiveness of HALAVEN in pediatric patients below the age of 1 8 years have 
not been established. 

8.5 Geriatric Use 

Study 1 did not include sufficient numbers of subjects aged 65 years and older to determine 
whether they respond differently from younger subjects. Of the 827 subjects who received the 
recommended dose and schedule of HALAVEN in clinical studies, 15% (121/827) were 65 and 
older, and 2% (17/827) patients were 75 and older. No overall differences in safety were observed 
between these subjects and younger subjects, 

8.6 Hepatic Impairment 

A study evaluated the PK of eribulin in patients with mild (Child-Pugh A; n=7) and moderate 
(Child-Pugh B; n=5) hepatic impairment. Compared to patients with normal hepatic function 
(n=6), eribulin exposure increased 1. 8-fold and 2.5-fold in patients with mild and moderate 
hepatic impairment, respectively. Administration of HALAVEN at a dose of 1.1 mg/m 2 to 
patients with mild hepatic impairment and 0.7 mg/m 2 to patients with moderate hepatic 
impairment resulted in similar exposure to eribulin as a dose of 1.4 mg/m 2 to patients with normal 
hepatic function. A lower starting dose of 1 . 1 mg/m 2 is recommended for patients with mild 
hepatic impairment (Child-Pugh A) and of 0.7 mg/m 2 is recommended for patients with moderate 
hepatic impairment (Child-Pugh B). HALAVEN was riot studied in patients with severe hepatic 
impairment (Child-Pugh C). [see Dosage and Administration (2.1)] 

8.7 Renal Impairment 

No formal PK trials were conducted with HALAVEN in patients with renal impairment. Available 
data suggests that no dose adjustment is necessary for patients with mild renal impairment (CrCl 
50-80 mL/min). However, for patients with moderate renal impairment (CrCl 30-50 mL/min), the 
geometric mean dose-normalized systemic exposure increased 2-fold compared to patients with 
normal renal function. A lower starting dose of 1.1 mg/m 2 is recommended for patients with 
moderate renal impairment. The safety of HALAVEN was not studied in patients with severe 
renal impairment (CrCl < 30 mL/min). [see Dosage and Administration (2. })] 

10 OVERDOSAGE 

Overdosage of HALAVEN has been reported at approximately 4 times the recommended dose, 
which resulted in Grade 3 neutropenia lasting seven days and a Grade 3 hypersensitivity reaction 
lasting one day, 

There is no known antidote for HALAVEN overdose. 
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11 DESCRIPTION 



HALAVEN (eribulin mesylate) Injection is a non-taxane microtubule dynamics inhibitor. 
Eribulin mesylate is a synthetic analogue of halichondrin B, a product isolated from the marine 
sponge Halichondria okadai. The chemical name for eribulin mesylate is 1 1,15:1 8,2 1 :24,28- 
Triepoxy-7,9-ethano- 1 2, 1 S-methano-^lS/Z-furoP^-Ofuro^'^'iS^Jpyrano^^- 
6][l,4]dioxacyclopentacosin-5(4//)-one, 2-[(2S)-3-amino-2-hydroxypropyl]hexacosahydro-3- 
methoxy-26-methyl-20,27-bis(methylene)-, 

(2/? ) 3/?,3aS,7/?,8aS ) 95 ) 1 Oart, 1 1 S, 1 2R, 1 3a/?, 1 3bS, 1 5S, 1 85,2 1 5 , ,245 ) 26/?,28/?,29a5 , )- ) 
methanesulfonate (salt). It has a molecular weight of 826.0 (729.9 for free base). The empirical 
formula is C^HsgNOi^CH^S. Eribulin mesylate has the following structural formula: 



HALAVEN is a clear, colorless, sterile solution for intravenous administration. Each vial contains 
1 mg of eribulin mesylate as a 0.5 mg/mL solution in ethanol: water (5:95). 

12 CLINICAL PHARMACOLOGY 

12*1 Mechanism of Action 

Eribulin inhibits the growth phase of microtubules without affecting the shortening phase and 
sequesters tubulin into nonproductive aggregates. Eribulin exerts its effects via a tubulin-based 
antimitotic mechanism leading to G 2 /M cell-cycle block, disruption of mitotic spindles, and, 
ultimately, apoptotic cell death after prolonged mitotic blockage, 

12.2 Pharmacodynamics 
Cardiac Electrophysiology 

The effect of HALAVEN on the QTc interval was assessed in an open-label, uncontrolled, 
multicenter, single-arm dedicated QT trial. A total of 26 patients with solid tumors received 
1.4 mg/m 2 of HALAVEN on Days 1 and 8 of a 21-day cycle. A delayed QTc prolongation was 
observed on Day 8, with no prolongation observed on Day 1. The maximum mean QTcF change 
from baseline (95% upper confidence interval) was 1 1.4 (19.5) ms. 

12.3 Pharmacokinetics 

The pharmacokinetics of eribulin is linear with a mean elimination half-life of approximately 40 
hours, a mean volume of distribution of 43 L/m 2 to 1 14 L/m 2 and mean clearance of 1 .16 L/hr/m 2 
to 2.42 L/hr/m 2 over the dose range of 0.25 mg/m 2 to 4.0 mg/m 2 The human plasma protein 
binding of eribulin at concentrations of 100 ng/mL to 1,000 ng/mL ranges from 49% to 65% 
Eribulin exposure after multiple dosing is comparable to that following a single dose. No 
accumulation of eribulin is observed with weekly administration. 
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Metabolism 



Unchanged eribulin was the major circulating species in plasma following administration of 
14 C-eribulin to patients. Metabolite concentrations represented <0.6% of parent compound, 
confirming that there are no major human metabolites of eribulin, 

Cytochrome P450 3A4 (CYP3A4) negligibly metabolizes eribulin in vitro. Eribulin inhibits 
CYP3A4 activity in human liver microsomes, but it is unlikely that eribulin will substantially 
increase the plasma levels of CYP3A4 substrates. Eribulin shows no induction potential for 
CYP1A, CYP2C9, CYP2C19, and CYP3A in primary human hepatocytes. No significant 
inhibition of CYP1 A2, CYP2C9, CYP2C19, CYP2D6, or CYP2E1 was detected with eribulin 
concentrations up to 5 uM in pooled human liver microsomes. In vitro drug interaction studies 
indicate that eribulin does not inhibit drugs that are substrates of these enzymes and it is unlikely 
that eribulin will affect plasma levels of drugs that are substrates of CYP enzymes. Eribulin is a 
substrate and a weak inhibitor of the drug efflux transporter P-gp in vitro. 

Elimination 

Eribulin is eliminated primarily in feces unchanged. After administration of ,4 C-eribulin to 
patients, approximately 82% of the dose was eliminated in feces and 9% in urine. Unchanged 
eribulin accounted for approximately 88% and 91% of the dose in feces and urine, respectively. 

Effects of Age, Gender, and Race 

Based on a population pharmacokinetic analysis with data collected from 340 patients, gender, 
race, and age do not have a clinically meaningful effect on the PK of eribulin. 

13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, mutagenesis, impairment of fertility 

Carcinogenicity studies have not been conducted with eribulin mesylate. 

Eribulin mesylate was not mutagenic in in vitro bacterial reverse mutation assays (Ames test). 
Eribulin mesylate was positive in mouse lymphoma mutagenesis assays, and was clastogenic in an 
in vivo rat bone marrow micronucleus assay, 

The effects of HALAVEN on human fertility are unknown. Fertility studies have not been 
conducted with eribulin mesylate in humans or animals. However, nonclinical findings in 
repeated-dose dog and rat toxicology studies suggest that male fertility may be compromised by 
treatment with eribulin mesylate. Rats exhibited testicular toxicity (hypocellularity of seminiferous 
epithelium with hypospermia/aspermia) following dosing with eribulin mesylate at or above 0.43 
times the recommended human dose (mg/m 2 ) given once weekly for 3 weeks, or at or above 0,21 
times the recommended human dose (mg/m 2 ) given once weekly for 3 out of 5 weeks, repeated for 
6 cycles. Testicular toxicity was also observed in dogs given 0.64 times the recommended human 
dose (mg/m 2 ) weekly for 3 out of 5 weeks, repeated for 6 cycles. 

14 CLINICAL STUDIES 

Study 1 was an open-label, randomized, multicenter trial of 762 patients with metastatic breast 
cancer who received at least two chemotherapeutic regimens for the treatment of metastatic 
disease and experienced disease progression within 6 months of their last chemotherapeutic 
regimen. Patients were required to receive prior anthracycline- and taxane- based chemotherapy 
for adjuvant or metastatic disease. Patients were randomized (2:1) to receive HALAVEN (n=508) 
or a single agent therapy selected prior to randomization (control arm, n=254). Randomization 
was stratified by geographic region, UER2/neu status, and prior capecitabine exposure. 
HALAVEN was administered at a dose of 1.4 mg/m 2 on Days 1 and 8 of a 21 -day cycle. 
HALAVEN-treated patients received a median of 5 cycles (range: 1 to 23 cycles) of therapy. 



Reference ID: 2863825 



Control arm therapy consisted of 97% chemotherapy (26% vinorelbine, 18% gemcitabine, 18% 
capecitabine, 16% taxane, 9% anthracycline, 10% other chemotherapy), and 3% hormonal 
therapy. The main efficacy outcome was overall survival. 

Patient demographic and baseline characteristics were comparable between the treatment arms. 
The median age was 55 (range: 27 to 85 years) and 92% were White. Sixty-four percent of 
patients were enrolled in North America/Western Europe/Australia, 25% in Eastern 
Europe/Russia, and 1 1% in Latin America/South Africa. Ninety-one percent of patients had a 
baseline ECOG performance status of 0 or 1. Tumor prognostic characteristics, including estrogen 
receptor status (positive: 67%, negative: 28%), progesterone receptor status (positive: 49%, 
negative: 39%), HER2/neu receptor status (positive: 16%, negative: 74%), triple negative status 
(ER\PR\HER2/m?w': 19%), presence of visceral disease (82%, including 60% liver and 38% 
lung) and bone disease (61%), and number of sites of metastases (greater than two: 50%), were 
also similar in the HALAVEN and control arms. Patients received a median of four prior 
chemotherapy regimens in both arms. 

In Study 1, a statistically significant improvement in overall survival was observed in patients 
randomized to the HALAVEN arm compared to the control arm (see Table 3). An updated, 
unplanned survival analysis, conducted when 77% of events had been observed (see Figure 1 ), 
was consistent with the primary analysis. In patients randomized to HALAVEN, the objective 
response rate by the REC1ST criteria was 1 1% (95% CI: 8.6%, 14.3%) and the median response 
duration was 4.2 months (95% CI: 3.8, 5.0 months). 

Table 3 Comparison of Overall Survival in HALAVEN and Control Arm - Study 1 

ilo . , HALAVEN Control Arm 

Overall Survival , _ no . , .... 

(n=508) (n-254) 



Primary survival analysis 






Number of deaths 


274 


148 


Median, months (95% CI) 


13.1 (11.8, 


14.3) 10,6(9.3, 12.5) 


Hazard Ratio (95% CI) a 




0.81 (0.66, 0.99) 


P value b 




0.041 


Updated survival analysis 






Number of deaths 


386 


203 


Median, months (95% CI) 


13.2(12.1, 


14.4) 10.6(9.2, 12.0) 



CI = confidence interval 

a Based on Cox proportional hazards model stratified by geographic region, HER2 status, and prior 
capecitabine therapy. 

b Based on a log-rank test stratified by geographic region, HER2 status, and prior capecitabine therapy. 
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Figure 1 Updated Overall Survival Analysis for Study 1 
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1 6 HOW SUPPLIED/STORAGE AND HANDLING 

NDC 62856-389-01 Eribulin mesylate injection, 1 mg/2 mL, in a single-use vial. One vial 
per carton. 

Store at 25°C (77°F); excursions permitted to 15° - 30° C (59° -86° F). Do not freeze. Store the 
vials in their original cartons. 

1 7 PATIENT COUNSELING INFORMATION 

See FDA-Approved Patient Labeling 

• Advise patients to contact their health care provider for a fever of 1 00.5°F or greater or 
other signs or symptoms of infection such as chills, cough, or burning or pain on 
urination, [see Warnings and Precautions (5.1)] 

• Advise women of childbearing potential to avoid pregnancy and to use effective 
contraception during treatment with HALAVEN. [see Warnings and Precautions (5.3) 
and Use in Specific Populations (8. 1)] 

Manufactured by: 
NerPharMa 
Viale Pasteur, 10 
20014, Nerviano 
Italy 

Distributed by: 
Eisai Inc. 

100 Tice Blvd. Woodcliff Lake, NJ 07677 
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PATIENT INFORMATION 

HALAVEN™ (HAL-ih-ven) 

(eribulin mesylate) Injection 

Read this leaflet before you start receiving HALAVEN and before each 
injection. There may be new information. This information does not take the 
place of talking with your healthcare provider about your medical condition or 
your treatment. 

What is the most important information I should know about 
HALAVEN? 

Your healthcare provider should do blood tests regularly to check your blood 
cell counts before you receive each dose of HALAVEN. 

• HALAVEN can cause a decrease in white blood cell count (neutropenia). 
This can make you more likely to get serious infections that could lead to 
death. You may need treatment in the hospital with antibiotic medicines. 

• Call your healthcare provider right away if you develop any of these 
symptoms of infection while you are receiving HALAVEN: 

o fever (temperature above 100. 5°F) 

o chills 

o cough 

o burning or pain when you urinate. 

• HALAVEN can cause numbness, tingling, or burning in your hands and 
feet (neuropathy). Tell your healthcare provider if you have any of these 
symptoms. 

See "What are possible side effects of HALAVEN?" for more information 
about side effects. 

What is HALAVEN? 

HALAVEN is a prescription medicine used to treat people with breast cancer: 

• that has spread to other parts of their body, and 

• who have already received certain types of anticancer medicines after 
their breast cancer has spread. 



What should I tell my healthcare provider before receiving 
HALAVEN? 

Before you receive HALAVEN, tell your healthcare provider if you: 

• have liver or kidney problems. 

• have heart problems, including a problem called "congenital long QT 
syndrome." 
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• are pregnant or plan to become pregnant. HALAVEN may harm your 
unborn baby. Talk with your healthcare provider about birth control 
methods to prevent pregnancy while you receive HALAVEN. Tell your 
healthcare provider right away if you become pregnant or think you are 
pregnant while you are receiving HALAVEN 

• are breastfeeding or planning to breastfeed. It is not known if HALAVEN 
passes into your breast milk. You and your healthcare provider should 
decide if you will take HALAVEN or breastfeed. You should not do both. 



Tell your healthcare provider about all the medicines you take, 

including prescription and non-prescription medicines, vitamins and herbal 
supplements. 

Know the medicines you take. Keep a list of your medicines to show to your 
healthcare provider and pharmacist when you get a new medicine. 

How will I receive HALAVEN? 

• HALAVEN is injected directly into your vein. 

• HALAVEN is given in "cycles" of treatment, with each cycle lasting 
21 days. 

• You will receive an injection 1 time each week for two weeks in a row 
(day 1 and day 8 of a treatment cycle). 

• Your healthcare provider may need to decrease your dose of HALAVEN or 
change how often you receive it, depending on your blood test results. 



What are the possible side effects of HALAVEN? 

HALAVEN may cause serious side effects, including: 

• See "What is the most important information I should know about 
HALAVEN?" 

• HALAVEN can cause changes in your heartbeat (called QTc 
prolongation). This can cause irregular heartbeats that may lead to 
death. Your healthcare provider will decide if you need heart monitoring 
(electrocardiogram or ECG), or blood tests during your treatment with 
HALAVEN to watch for this problem. 

The most common side effects of HALAVEN include: 

• weakness or tiredness 

• hair loss 

• nausea 

• constipation 
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Tell your healthcare provider about any side effect that bothers you or that 
does not go away. 

These are not all the possible side effects of HALAVEN. For more 
information, ask your healthcare provider or pharmacist. 

Call your doctor for medical advice about side effects. You may report side 
effects to FDA at 1-800-FDA-1088. 



General information about HALAVEN 

Medicines are sometimes prescribed for purposes other than those listed in a 
patient information leaflet. This leaflet summarizes the most important 
information about HALAVEN. If you would like more information, talk with 
your healthcare provider. You can ask your pharmacist or healthcare 
provider for information about HALAVEN that is written for health 
professionals. 

For more information, go to www.HALAVEN.com or call Eisai Inc. at 
1-877-873-4724. 

What are the ingredients in HALAVEN? 

Active Ingredients; eribulin mesylate 
Inactive Ingredients: ethanol, water 

Distributed by: 
Eisai Inc. 

100 Tice Blvd. Woodcliff Lake, NJ 07677 



If you would like a leaflet with larger printing, please contact Eisai Inc. at 
1-877-873-4724. 
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EXHIBIT 4 




DEPARTMENT OF HEALTH AND HUMAN 
SERVICES 



Food and Drug 
Administration Silver 
Spring MD 20993 



NDA 201532 

NDA APPROVAL 

Eisai, Incorporated 

Attention: Annmarie Petraglia 

Senior Director, Global Regulatory Affairs 

300 Tice Boulevard 

WoodcliffLake, NJ 07677 

Dear Ms. Petraglia; 

Please refer to your New Drug Application (NDA) dated March 30, 2010, received March 30, 
2010, submitted under section 505(b)(1) of the Federal Food, Drug, and Cosmetic Act (FDCA) 
for Halaven (eribulin mesylate) Injection, 0.5mg/mL (1.0 mg/2 mL solution). 

Please also refer to our original action letter dated November 15, 2010 approving your NDA 
application for Halaven (eribulin mesylate) Injection and to your electronic mail communication 
dated November 16, 2010, notifying us that the dates specified in the timetable for postmarketing 
requirement (PMR) 1689-1 were incorrect. This replacement action letter incorporates the 
correct timetable dates for PMR 1689-1 . The effective action date will remain November 15, 
2010, the date of the original action letter. 

We acknowledge receipt of your amendments dated March 30, April 2, May 11, May 17, May 
21, June 7, June 17, June 22, June 28, June 29, July 23, July 28 (2), August 9 (2), August 12, 
September 10 (2), September 16, September 23, September 24, September 28, September 30 (2), 
October 6, October 13, October 14, October 22, October 27, October 29 and November 1 1, 2010, 

This new drug application provides for the use of Halaven (eribulin mesylate) Injection for the 
treatment of patients with metastatic breast cancer who have previously received at least two 
chemotherapeutic regimens for the treatment of metastatic disease. Prior therapy should have 
included an anthracycline and a taxane in either the adjuvant or metastatic setting. 

We have completed our review of this application, as amended. It is approved, effective on the 
date of this letter, for use as recommended in the enclosed agreed-upon labeling text. 
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CONTENT OF LABELING 

As soon as possible, but no later than 14 days from the date of this letter, submit, via the FDA 
automated drug registration and listing system (eLIST), the content of labeling 
[21 CFR 314.50(1)] in structured product labeling (SPL) format, as described at 
http://www.fda.gov/ForIndustry/^ that is 

identical to the enclosed labeling (package insert, patient information) Information on submitting 
SPL files using eLIST may be found in the guidance for industry titled "SPL Standard for 
Content of Labeling Technical Qs and As" at 
http://www,fda,gov/downloads/Drugs/Gm^ 
CM072392.pdf . 

The SPL will be accessible via publicly available labeling repositories. 
CARTON AND IMMEDIATE CONTAINER LABELS 

Submit final printed carton and container labels that are identical to the enclosed carton and 
immediate container labels as soon as they are available, but no more than 30 days after they are 
printed. Please submit these labels electronically according to the guidance for industry titled 
"Providing Regulatory Submissions in Electronic Format - Human Pharmaceutical Product 
Applications and Related Submissions Using the eCTD Specifications (June 2008)." 
Alternatively, you may submit 12 paper copies, with 6 of the copies individually mounted on 
heavy-weight paper or similar material. For administrative purposes, designate this submission 
"Final Printed Carton and Container Labels for approved NDA 201532." Approval of this 
submission by FDA is not required before the labeling is used. 

Marketing the product with FPL that is not identical to the approved labeling text may render the 
product misbranded and an unapproved new drug. 

ADVISORY COMMITTEE 

Your application for Halaven was not referred to an FDA advisory committee because there were 
no controversial issues that would have benefitted from advisory committee discussion. 

REQUIRED PEDIATRIC ASSESSMENTS 

Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), all applications for new 
active ingredients, new indications, new dosage forms, new dosing regimens, or new routes of 
administration are required to contain an assessment of the safety and effectiveness of the 
product for the claimed indication in pediatric patients unless this requirement is waived, 
deferred, or inapplicable. 

We are waiving the pediatric study requirement for this application because necessary studies are 
impossible or highly impracticable since breast cancer is rare in the 0-18 year old age group. 
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POSTMARKETING REQUIREMENTS UNDER 505(o) 

Section 505(o)(3) of the FDCA authorizes FDA to require holders of approved drug and 
biological product applications to conduct postmarketing studies and clinical trials for certain 
purposes, if FDA makes certain findings required by the statute. 

We have determined that an analysis of spontaneous postmarketing adverse events reported 
under subsection 505(k)(l) of the FDCA will not be sufficient to identify an unexpected, serious 
risk of increased toxicity in patients with impaired renal function. 

Furthermore, the new pharmacovigilance system that FDA is required to establish under section 
505(k)(3) of the FDCA has not yet been established and is not sufficient to assess these serious 
risks. 

Finally, we have determined that only a clinical trial (rather than a nonclinical or observational 
study) will be sufficient to identify an unexpected serious risk of increased toxicity in patients 
with impaired renal function. 

Therefore, based on appropriate scientific data, FDA has determined that you are required, to 
conduct the following: 

PMR 1689-1 : 

To conduct a dedicated clinical trial assessing the safety and pharmacokinetics of Halaven, in 
accordance with FDA Guidance for Industry: Pharmacokinetics in Patients with Impaired Renal 
Function - Study Design, Data Analysis and Impact on Dosing and Labeling. The trial design 
should include subjects with normal renal function and subjects with severe renal impairment. 

The study population may include patients with advanced or metastatic solid tumors that are no 
longer responding to available therapy, i.e., similar eligibility criteria with regard to cancer type 
as for Trial 108 conducted in cancer patients with hepatic impairment. The renal function 
subgroups should have similar demographic characteristics with respect to age, gender and 
weight. The number of patients enrolled in the trial should be sufficient to detect clinically 
important PK differences that would warrant dosage adjustment recommendation. The frequency 
and duration of plasma sampling should be sufficient to accurately estimate relevant PK 
parameters for the parent drug. A data analysis plan should be included in the final protocol 
submitted to FDA. 

The timetable you submitted on September 30, 2010 states that you will conduct this trial 
according to the following schedule: 



Submit the protocol to IND 67193, with a cross-reference letter to this NDA. Submit all final 
report(s) to your NDA. Prominently identify the submission with the following wording in bold 



Final Protocol Submission: 
Trial Completion Date: 
Final Report Submission: 



February 28, 2011 
September 30, 2012 
March 31, 2013 
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capital letters at the top of the first page of the submission, as appropriate: "Required 
Postmarketing Protocol Under 505(o)", "Required Postmarketing Final Report Under 
505(o)", "Required Postmarketing Correspondence Under 505(o)". 

Section 505(o)(3)(E)(ii) of the FDCA requires you to report periodically on the status of any 
study or clinical trial required under this section. This section also requires you to periodically 
report to FDA on the status of any study or clinical trial otherwise undertaken to investigate a 
safety issue. Section 506B of the FDCA, as well as 21 CFR 314.81(b)(2)(vii) requires you to 
report annually on the status of any postmarketing commitments or required studies or clinical 
trials. 

FDA will consider the submission of your annual report under section 506B and 21 
CFR 3 14.81 (b)(2)(vii) to satisfy the periodic reporting requirement under section 
505(o)(3)(E)(ii) provided that you include the elements listed in 505(o) and 21 CFR 
314.81(b)(2)(vii). We remind you that to comply with 505(o), your annual report must also 
include a report on the status of any study or clinical trial otherwise undertaken to investigate a 
safety issue. Failure to submit an annual report for studies or clinical trials required under 505(o) 
on the date required will be considered a violation of FDCA section 505(o)(3)(E)(ii) and could 
result in enforcement action. 

POSTMARKETING COMMITMENTS SUBJECT TO REPORTING REQUIREMENTS 
UNDER SECTION 506B 

We remind you of your postmarketing commitments in your submission dated September 30, 
2010. These commitments are listed below. 

PMC 1689-2: 

To submit a final report that includes updated results for overall survival after 95% of patient 
deaths have occurred (724 deaths in 762 enrolled patients) for trial E7389-G000-305, "A Phase 3 
Open Label, Randomized Parallel Two-Arm Multi-Center Study of E7389 versus Treatment of 
Physician's Choice' in Patients with Locally Recurrent or Metastatic Breast Cancer, Previously 
Treated with At Least Two and a Maximum of Five Prior Chemotherapy Regimens, Including an 
Anthracycline and a Taxane". The final report should also include the primary and derived 
datasets and analysis programs used to generate the overall survival results reported.. 

The original protocol for clinical trial E7389-G000-305 was submitted to FDA on April 26, 
2006, and began patient accrual on November 16, 2006. We also acknowledge receipt of the 
protocol amendments received on August 8, 2006; January 4, 2008; June 5, 2008; and March 3, 
2009. 

The timetable you submitted on September 30, 2010 states that you will conduct the trial 
according to the following schedule: 

Final Report Submission: March 1, 2013 
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PMC 1689-3: 

To submit a final report for the ongoing trial, E7389-G000-301, "A Phase III Open Label, 
Randomized Two-Parallel-Arm Multicenter Study of E7389 versus Capecitabine in Patients with 
Locally Advanced or Metastatic Breast Cancer Previously Treated with Anthracyclines and 
Taxanes." This report will include a subset analysis of overall survival in patients that progressed 
while on treatment with a taxane or other microtubule inhibiting agent, in addition to all 
protocol-specified analyses. The original protocol for clinical trial E7389-G000-301 was 
submitted to FDA on November 17, 2005, and began patient accrual on September 20, 2006. We 
also acknowledge receipt of the protocol amendments received on December 14, 2005; March 2, 
2006; May 11, 2006; December 5, 2006; October 31, 2007; March 6, 2008; and March 3, 2009. 

The timetable you submitted on September 30, 2010 states that you will conduct the trial 
according to the following schedule: 

Trial Completion Date: March 31, 2012 

Final Report Submission: February 28, 2013 

POSTMARKETING COMMITMENTS NOT SUBJECT TO THE REPORTING 
REQUIREMENTS UNDER SECTION S06B 

We remind you of your postmarketing commitment in your submission dated September 17, 
2010. This commitment is listed below. 



PMC1689-4: 

To provide a single Prior Approval Chemistry, Manufacturing and Controls (CMC) supplement 
containing all of the following data and information: 



Synthesis of the enantiomers of starting materialsKf^ife 

and analytical methods and acceptance criteria, with appropriate justification, specific to 
each enantiomer. 

Analytical methods and acceptance criteria with appropriate justi fi cat ion for Other 
Specified, 




An identification test for intermediate gg^^^^^g 

Resujts of the evaluation for specificity of the current identification method for i 



and, if necessary, develop a more selective method. 



• More se lective me thods for identification and purity for the diastereomers of starting 
material j 

The timetable you submitted in the amendment dated September 17, 2010 states that you will 
submit the supplement according to the following schedule: 
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Final Report Submission: March 31, 201 1 

Submit clinical protocols to IND 67193 for this product. Submit nonclinical and chemistry, 
manufacturing, and controls protocols and all final reports to this NDA. In addition, under 21 
CFR 314.81 (b)(2)(vii) and 3 14.8 1 (b)(2)(viii) you should include a status summary of each 
commitment in your annual report to this NDA. The status summary should include expected 
summary completion and final report submission dates, any changes in plans since the last 
annual report, and, for clinical studies/trials, number of patients entered into each study/trial. All 
submissions, including supplements, relating to these postmarketing commitments should be 
prominently labeled "Postmarketing Commitment Protocol," "Postmarketing Commitment 
Final Report," or "Postmarketing Commitment Correspondence." 

PROMOTIONAL MATERIALS 

You may request advisory comments on proposed introductory advertising and promotional 
labeling. To do so, submit, in triplicate, a cover letter requesting advisory comments, the 
proposed materials in draft or mock-up form with annotated references, and the package insert 
to: 

Food and Drug Administration 

Center for Drug Evaluation and Research 

Division of Drug Marketing, Advertising, and Communications 

590 1-B Ammendale Road 

Beltsville, MD 20705-1266 

As required under 21 CFR 314,81(b)(3)(i), you must submit final promotional materials, and the 
package insert, at the time of initial dissemination or publication, accompanied by a Form FDA 
2253. For instruction on completing the Form FDA 2253, see page 2 of the Form. For more 
information about submission of promotional materials to the Division of Drug Marketing, 
Advertising, and Communications (DDMAC), see 
http://wvvw.fda.gov/AboutFDA/CentersOffices/CDER/ucm090142.htm . 
Please submit one market package of the drug product when it is available. 

LETTERS TO HEALTH CARE PROFESSIONALS 

If you decide to issue a letter communicating important safety-related information about this 
drug product (i.e., a "Dear Health Care Professional" letter), we request that you submit, at least 
24 hours prior to issuing the letter, an electronic copy of the letter to this NDA to the following 
address: 
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MedWatch Program 
Office of Special Health Issues 
Food and Drug Administration 
10903 New Hampshire Ave 
Building 32, Mail Stop 5353 
Silver Spring, MD 20993 

REPORTING REQUIREMENTS 

We remind you that you must comply with reporting requirements for an approved NDA 
(21 CFR 314.80 and 314.81). 

MEDWATCH-TO-MANUFACTURER PROGRAM 

The MedWatch-to-Manufacturer Program provides manufacturers with copies of serious adverse 
event reports that are received directly by the FDA. New molecular entities and important new 
biologies qualify for inclusion for three years after approval. Your firm is eligible to receive 
copies of reports for this product. To participate in the program, please see the enrollment 
instructions and program description details at 

http://wwHv.fda.gov/Safetv/Med Watch/HowToReport/ucm 1 669 1 O.htm . 
POST-ACTION FEEDBACK MEETING 

New molecular entities and new biologies qualify for a post-action feedback meeting. Such 
meetings are used to discuss the quality of the application and to evaluate the communication 
process during drug development and marketing application review. The purpose is to learn 
from successful aspects of the review process and to identify areas that could benefit from 
improvement. If you would like to have such a meeting with us, call the Regulatory Project 
Manager for this application. 

If you have any questions, call Vaishali Jarral, Regulatory Project Manager, at (301) 796-4248. 

Sincerely, 

{See appended electronic signature page! 

Richard Pazdur, M.D. 
Director 

Office of Oncology Drug Products 
Center for Drug Evaluation and Research 

ENCLOSURES: 

Content of Labeling [including Patient Labeling (PPI)] 
Carton and Container Labeling 
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This is a representation of an electronic record that was signed 
electronically and this page is the manifestation of the electronic 
signature. 



/s/ 



RICHARD PAZDUR 
11/15/2010 
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EXHIBIT 5 



Commissioner for Patents 
United States Patent and Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 
www.uspto.gov 



Customer No 78859 ISTMT DATE PRINTED 

12/22/2010 

Clark & Elbing LLP / Eisai 
101 Federal Street 
Suite 1500 
Boston MA 02110 



MAINTENANCE FEE STATEMENT 

According to the records of the U.S. Patent and Trademark Office (USPTO), the maintenance fee and any necessary surcharge 
have been timely paid for the patent listed below. The "PYMT DATE" column indicates the payment date (i.e., the date the 
payment was filed). 

The payment shown below is subject to actual collection. If the payment is refused or charged back by a financial institution, the 
payment will be void and the maintenance fee and any necessary surcharge unpaid. 

Direct any questions about this statement to: Mail Stop M Correspondence, Director of the USPTO, P.O.Box 1450, Alexandria, 
VA 22313-1450. 



U.S. PATENT APPL. 

PATENT SUR PYMT APPLICATION ISSUE FILING PAYMENT SMALL ATTY DKT 

NUMBER FEEAMT CHARGE DATE NUMBER DATE DATE YEAR ENTITY? NUMBER 

6,214,865 $940.00 $0.00 10/07/04 09/334,488 04/10/01 06/16/99 04 NO 04520/016002 
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United States Patent and Trademark Office 
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Customer No 78859 I STMT DATE PRINTED 

12/22/2010 

Clark & Elbing LLP / Eisai 
101 Federal Street 
Suite 1500 
Boston MA 02110 



MAINTENANCE FEE STATEMENT 

According to the records of the U.S. Patent and Trademark Office (USPTO), the maintenance fee and any necessary surcharge 
have been timely paid for the patent listed below. The "PYMT DATE" column indicates the payment date (i.e., the date the 
payment was filed). 

The payment shown below is subject to actual collection. If the payment is refused or charged back by a financial institution, the' 
payment will be void and the maintenance fee and any necessary surcharge unpaid. 

Direct any questions about this statement to: Mail Stop M Correspondence, Director of the USPTO, P.O.Box 1450, Alexandria, 
VA 22313-1450. 



U.S. PATENT APPL. 

PATENT SUR PYMT APPLICATION ISSUE FILING PAYMENT SMALL ATTY DKT 

NUMBER FEEAMT CHARGE DATE NUMBER DATE PATE YEAR ENTITY? NUMBER 

6,214,865 $2,360.00 $0.00 04/16/08 09/334,488 04/10/01 06/16/99 08 NO 04520/016002 
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' * USPTO - Patent Bibliographic Data (Patent Number: 6214865) 
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United States 
Patent and 
Trademark Office 



Patent Number: 



Issue Date: 
Title: 



Status: 

f Window Opens: 



Fee Amt Due: 



09334488 



106/16/1999 



6214865 Application Number: 

04/10/2001 Filing Date: 

MACROCYCLIC ANALOGS AND METHODS OF THEIR USE AND 
PREPARATION 

i Entity: 
Expiration: 



1 12th year fee window opens: 04/10/2012 
[04/10/201 2 "~ 



Fee Code: 

Surcharge Fee Code: 



Window 
J not open 

! 1553 



\ Most recent events (up to 7): ' 04/1 6/2008 

: 10/07/2004 



Surcharge Date: 10/1 1/2012 
Surchg Amt Due: ; Window not open 
MAINTENANCE FEE DUE AT 1 1 .5 YEARS 



Total Amt Due: 



i Large 

jN/A 

! Window 
I not 
Jopen 



i Address for fee purposes: 



Payment of Maintenance Fee, 8th Year, Large Entity. 
Payment of Maintenance Fee, 4th Year, Large Entity. 
--- End of Maintenance History -« 



Clark & Elbing LLP / Eisai 
101 Federal Street 
Suite 1 500 
Boston, MA 
02110 



: -Run Another Query. ; r 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 



Food and Drug Administration 
Rockville, MD 20857 



END 67,193 



Eisai Medical Research Inc. 
Attention: Kathryn Bishburg, Pharm.d 
VP, Quality Assurance & Regulatory 
Glenpointe Centre West 
500 Frank W. Burr Blvd. 
Teaneck,NJ 07666 




Dear Dr. Bishburg: 

We acknowledge receipt of your Investigational New Drug Application (IND) submitted under 
section 505(i) of the Federal Food, Drug, and Cosmetic Act. Please note the following 
identifying data: 

END Number Assigned: 67,193 

Sponsor: Eisai Medical Research Inc. 



Name of Drug: E7389 (Halichondrin B analog) Injection 

Date of Submission: March 3 1 , 2003 

Date of Receipt: March 3 1 , 2003 

Studies in humans may not be initiated until 30 days after the date of receipt shown above. If, on 
or before April 30, 2003, we identify deficiencies in the IND that require correction before 
human studies begin or that require restriction of human studies, we will notify you immediately 
that (1) clinical studies may not be initiated under this IND ("clinical hold") or that (2) certain 
restrictions apply to clinical studies under this END ("partial clinical hold"). In the event of such 
notification, you must not initiate or you must restrict such studies until you have submitted 
information to correct the deficiencies, and we have notified you that the information you 
submitted is satisfactory. 

It has not been our policy to object to a sponsor, upon receipt of this acknowledgement letter, 
either obtaining supplies of the investigational drug or shipping it to investigators listed in the 
IND. However, if the drug is shipped to investigators, they should be reminded that studies may 
not begin under the IND until 30 days after the IND receipt date or later if the END is placed on 
clinical hold. 



IND 67,193 
Page 2 



As sponsor of this IND, you are responsible for compliance with the Federal Food, Drug, and 
Cosmetic Act and the implementing regulations (Title 21 of the Code of Federal Regulations). 
Those responsibilities include (1) reporting any unexpected fatal or life-threatening adverse 
experience associated with use of the drug by telephone or fax no later than 7 calendar days after 
initial receipt of the information [21 CFR 312.32(c)(2)]; (2) reporting any adverse experience 
associated with use of the drug that is both serious and unexpected in writing no later than 1 5 
calendar days after initial receipt of the information [21 CFR 312.32(c)(1)]; and (3) submitting 
annual progress reports [21 CFR 312.33]. 

Please forward all future communications concerning this IND in triplicate, identified by the 
above IND number, to either of the following addresses: 

U.S. Postal Service: 

Food and Drug Administration 

Center for Drug Evaluation and Research 

Division of Oncology Drug Products, HFD-150 

Attention: Division Document Room, 3067 

5600 Fishers Lane 

Rockville, Maryland 20857 

Courier/Overnight Mail: 

Food and Drug Administration 

Center for Drug Evaluation and Research 

Division of Oncology Drug Products, HFD-150 

Attention: Division Document Room, 3067 

1451 Rockville Pike 

Rockville, Maryland 20852 

If you have any questions, call Patty Garvey, Regulatory Project Manager, at 301-594-5766. 

Sincerely, 

{See appended electronic signature page} 
Dotti Pease 

Chief, Project Management Staff 
Division of Oncology Drug Products 
Office of Drug Evaluation I 
Center for Drug Evaluation and Research 



This is a representation of an electronic record that was signed electronically and 
this page is the manifestation of the electronic signature. 



/s/ 



Patricia Garvey 
4/3/03 02:25:25 PM 
Signed for Dotti Pease 
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DEPARTMENT OF HEALTH AND HUMAN SERVICES 



Food and Drug Administration 
Silver Spring MD 20993 



NDA 201532 PRIORITY REVIEW DESIGNATION 



Eisai, Incorporated 

Attention: Annmarie Petraglia 

Senior Director, Global Regulatory Affairs 

300 Tice Boulevard 

WoodcliffLake, NJ 07677 

Dear Ms. Petraglia: 

Please refer to your new drug application (NDA) dated March 30, 2010, received March 30, 2010, 
submitted under section 505(b)(1) of the Federal Food, Drug, and Cosmetic Act, for "Eribulin Mesylate, 
Injection, 0.5mg/mL (1.0 mg/2mL solution)." 

We have completed our filing review and have determined that your application is sufficiently complete 
to permit a substantive review. Therefore, this application is considered filed 60 days after the date we 
received your application in accordance with 21 CFR 3 14. 10 1(a). The review classification for this 
application is Priority. Therefore, the user fee goal date is September 30, 2010 

We are reviewing your application according to the processes described in the Guidance for Review Staff 
and Industry: Good Review Management Principles and Practices for PDUFA Products. Therefore, we 
have established internal review timelines as described in the guidance, which includes the timeframes for 
FDA internal milestone meetings (e.g., filing, planning, mid-cycle, team and wrap-up meetings). Please 
be aware that the timelines described in the guidance are flexible and subject to change based on 
workload and other potential review issues (e.g., submission of amendments). We will inform you of any 
necessary information requests or status updates following the milestone meetings or at other times, as 
needed, during the process. If major deficiencies are not identified during the review, we plan to 
communicate proposed labeling and, if necessary, any postmarketing commitment requests or 
postmarketing requirements by September 2, 2010. 

While conducting our filing review, we identified potential review issues and will communicate them to 
you on or before June 1 1, 2010. 

If you have any questions, call Vaishali Jarral, Regulatory Project Manager, at (301) 796-4248 

Sincerely, 

{See appended electronic signature page) 

Patricia Keegan, M.D. 
Director 

Office of Oncology Drug Products 
Division of Oncology Biologic Products 
Center for Drug Evaluation and Research 
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Protocol Amendment 
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01/12/04 


Safety Report 


IND Safety Report 


02/04/04 


Safety Report 


IND Saiety Report 
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IND Safety Report 
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Information Amendment 


Information Amendment: CMC 
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Safety Report 


IND Safety Report 
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Safety Report 
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Safety Report 
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05/03/04 


Safety Report 


IND Safety Report 
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05/17/04 


Safety Report 
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05/26/04 


Annual Report 
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05/28/04 


Safety Report 


IND Safety Report 
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Safety Report 
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12/14/04 


Protocol Amendment 


Protocol Amendment: New Protocol/New Investigator 
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Safety Report 


IND Safety Report 
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Safety Report 


IND Safety Report 


12/16/04 


Safety Report 


IND Safety Report 


12/22/04 


Protocol Amendment 


Protocol Amendment; New Investigators 
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Safety Report 


IND Satety Report 
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Safety Report 


IND Satety Report 


01/27/05 


Protocol Amendment 
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Safety Report 
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Safety Report 


TXTT"\ Cn^nKi T) _ _ _ _4- 

IND Satety Report 


04/20/05 


Safety Report 


TX TTN O — -C~*— , T*> -__i-ji-j.il 

IND Safety Report 
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Protocol Amendment: New Investigator 
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Safety Report 


IND Satety Report 


04/28/05 


Safety Report 


IND Satety Report 
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Safety Report 


IND Satety Report 
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Safety Report 


IND Satety Report 
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Safety Report 


IND Satety Report 
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Information Amendment 


Tnfnrmntinn AmpnHmpnt" PhnrtriarnlntJv/T'flxicoloP'V 


06/29/05 


Safety Report 


IND Safety Report 


06/30/05 


Protocol Amendment 


Protocol Amendment: Change in Protocol/New Investigator 
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Safety Report 


IND Safety Report 


07/06/05 


Safety Report 


IND Safety Report 


07/12/05 


Protocol Amendment 


Protocol Amendment: Change in Protocol/New Investigator 
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07/13/05 


Safety Report 


IND Safety Report 


07/14/05 


Safety Report 


IND Safety Report 


07/15/05 


Safety Report 


IND Safety Report 


07/18/05 


Safety Report 


IND Safety Report 
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IND Safety Report 


07/20/05 


Safety Report 


IND Safety Report 


07/21/05 


Safety Report 


IND Safety Report 


07/25/05 


Safety Report 


IND Safety Report 


07/28/05 


Safety Report 


IND Safety Report 


08/01/05 


Safety Report 


IND Safety Report 


08/03/05 


Safety Report 


IND Safety Report 


08/05/05 


Briefing Package 


Briefing Package for End-of-Phase 2 Meeting 


08/08/05 


Safety Report 


IND Safety Report 


08/12/05 


Safety Report 


IND Safety Report 


08/16/05 


Safety Report 


IND Safety Report 


08/23/05 


Safety Report 
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08/26/05 


Safety Report 


IND Safety Report 


08/30/05 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


09/02/05 
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FDA Correspondence 
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TCR 


FDA Correspondence 


09/09/05 


Safety Report 


IND Safety Report 


09/15/05 
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FDA Correspondence 


09/15/05 


Safety Report 


IND Safety Report 


09/16/05 
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Protocol Amendment: Updated Investigator 
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Safety Report 


IND Safety Report 
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Information Amendment: CMC 


10/20/05 


Protocol Amendment 
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IND Safety Report 


10/27/05 


Safety Report 


IND Safety Report 


10/28/05 


Safety Report 


IND Safety Report 


11/01/05 


Safely Report 


IND Safety Report 


1 1/03/05 


Safety Report 


IND Safety Report 


11/09/05 
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Protocol Amendment: Change in Protocol/New Investigator 
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03/01/06 


Safety Report 


IND Satety Report 
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Briefing Package 
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Protocol Amendment 


New Investigator/Updated Investigator 
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Response to FDA Request 
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03/30/06 


Safety Report 


IND Safety Report 


03/30/06 


Safety Report 


IND oaiety Report 
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Safety Report 
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Response to FDA Request 
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ft /I / 1 /I /ft^ 
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Saiety Report 


iinu oaiexy ivepon 
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Protocol Amendment 


Dfrvtrtf»rtl A mpnrlmAnt' Mp\v Tn\/PCtl05*tftrc/l IftHfltPH InVPQtl CJfltftXS 
rrOlOCOl /\mcilUIIlCIU. INCW 111 VCMlgaLUl d/ L/puaicu ill vcsiigaiui a 


04/21/06 


Satety Report 


TXT P\ QofaK/ PpnArt 

iin u saieiy ixepon 


(\a /n /ft/: 
04/27/06 
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Saiety Report 
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05/15/06 


Saiety Report 
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05/17/06 


Saiety Report 
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05/17/06 


Protocol Amendment 
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05/18/06 


Saiety Report 


iinu oaieiy Repon 
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Information Amendment 


Pharm/Tox 
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Saiety Report 
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Af /t A /AZT 

05/30/06 
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AZT /AC /AZT 

06/05/06 
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06/21/06 
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06/21/06 
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rrOlOCOl rVmCilUlIlClJl. INCW 111 VCallgalUW UjJUfllCU ill vcoligaiui 
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rxypv Cofph/ Rpnnrt 
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Saiety Report 
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AT / 1 A /AZT 

07/10/06 


Safety Report 


TXTT^ Cofpt\/ Rpnnrt 

iinu oaieiy ivepon 


A T / 1 /A ZT 

07/13/06 


Safety Report 


TX1P\ Qcif*ar\/ Rpnnrt 
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/AZT 
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TXf P> Cofph/ Rpnnrt 
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Drrvtnrrv! A monHmpnt* XIp\»/ Tnvpcti o^tftr/1 InrlntpH TnvpQti C3tnr 
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1I11UI UlCHlUll /T.lllVllUllltill 


Information Amendment: CMC 


07/28/06 


Safety Report 


IND Safety Report 
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Safety Report 


IND Safety Report 


08/14/06 


Safety Report 
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08/17/06 


Safety Report 


IND Safety Report 


08/17/06 


Safety Report 


IND Safety Report 


08/21/06 


Safety Report 


IND Safety Report 


08/22/06 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


08/24/06 


Safety Report 


IND Safety Report 


08/28/06 


Protocol Amendment 


Biolmaging Charter 


08/29/06 


Safety Report 


IND Safety Report 


09/05/06 


Safety Report 


IND Safety Report 


09/12/06 


Safety Report 


IND Safety Report 


09/14/06 


Safety Report 


IND Safety Report 


09/18/06 


Safety Report 


IND Safety Report 


09/21/06 


Protocol Amendment 


Protocol Amendment: New Protocol 


09/27/06 


Safety Report 


IND Safety Report 


09/28/06 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


10/04/06 


Safety Report 


IND Safety Report 


10/04/06 


Safety Report 


IND Safety Report 


10/05/06 


Safety Report 


IND Safety Report 


10/11/06 


Safety Report 


IND Safety Report 


10/11/06 


Protocol Amendment 


Protocol Amendment: New Protocol/New Investigator 


10/17/06 


Safety Report 


IND Safety Report 


10/18/06 


Safely Report 


IND Safety Report 


10/20/06 


Safety Report 


IND Safety Report 


10/20/06 


Safety Report 


IND Safety Report 


10/23/06 


Safety Report 


IND Safety Report 


10/24/06 


Safety Report 


IND Safety Report 


10/26/06 


Protocol Amendment 


Protocol Amendment: Change in Protocol/New Investigator 


10/30/06 


Safety Report 


IND Safety Report 


11/01/06 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


11/02/06 


Safety Report 


IND Safety Report 


11/06/06 


Safety Report 


IND Safety Report 


11/08/06 


Safety Report 


IND Safety Report 


11/09/06 . 


Safety Report 


IND Safety Report 


11/13/06 


Safety Report 


IND Safety Report 


11/15/06 


Safety Report 


IND Safety Report 


11/21/06 


Safety Report 


IND Safety Report 


11/21/06 


Request for Meeting 


Request for second End-ot-Fnase 2 Meeting 


11/27/06 


Safety Report 


IND Safety Report 


11/28/06 


Safety Report 


IND Safety Report 


12/05/06 


E-Mail 


FDA correspondence dated 12/4/06 


12/05/06 


Safety Report 


IND Safety Report 


12/06/06 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


12/07/06 


Fax 


1/30/07 End-of- Phase 2 Meeting 


12/08/06 


Safety Report 


IND Safety Report 


12/12/06 


Safety Report 


IND Safety Report 


12/14/06 


Safety Report 


IND Safety Report 


12/14/06 


Protocol Amendment 


Protocol Amendment: Change in Protocol 


12/18/06 


Safety Report 


1INU oaiety Report 


12/18/06 


Protocol Amendment 


Protocol Amendment: Change in Protocol 


12/19/06 


Fax 


Comments on IRC Charter 


12/21/06 


Safety Report 


IND Safety Report 


12/21/06 
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End-of-Phase 2 Meeting 


12/26/06 
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^ DbSCRIr l lUN » j ; '.A - ;V ' \ r ^-.^ - ; . ■■- ■• - w ^ • 


12/28/06 


Safety Report 


IND Satety Report 


01/02/07 


Safety Report 


1NL> batety Report 


01/04/07 


E-Mail 


Amendment U4 — A 


A 1 lf\ A /AT 

01/04/07 


Satety Report 


1NU oatety Report 


01/04/07 


Safety Report 


1NU oatety Report 


01/09/07 


E-Mail 


FDA email correspondence 


01/09/07 


Safety Report 


IND Safety Report 


Ol/l 1/07 


Safety Report 


IND Satety Report 


0 1 / 1 2/07 


E-Mail 


Imaging Charter 


0 1 / 1 7/07 


Safety Report 


IND Safety Report 


01/22/07 


E-Mail 


FDA Email 


01/22/07 


Fax 


FDA Response to End-of-Phase2 Meeting Briefing Package 
Questions 


01 /22/07 


E-Mail 


FDA email for questions in electronic format 


01/22/07 


E-Mail 


Response to i/zz/u/ rUA email 


01/22/07 


Satety Report 


IND baiety Report 


At /oi /at 

01/23/07 


1 CR 


r ua i eiepnone contact 


a 1 /on /at 

01/29/07 


Incoming FDA Correspondence 


Acknowledgement Receipt of SPA 


/-\ t f\ /AT 

01/29/07 


Fax 


rUA rax uateo l/zy/u/ 


A 1 /T A /AT 

01/29/07 


1 CR 


Imaging Charter 


A 1 /I A /AT 

01/29/07 


Satety Report 


iinu oaieiy Report 


AT /A 1 /AT 

02/01/07 


Satety Report 


iinu oaiety Report 


AO /AT /AT 

02/07/07 


Incoming FDA Correspondence 


rUA Response to Amenament — or a 


AT /AO /AT 

02/08/07 


Protocol Amendment 


rrotocoi Amenament. rsew investigator/ upudtea invcaiigaior 


AT / 1 T /AT 

02/12/07 


Satety Report 


TXT T"\ Cnfnfiy "D Cknswi- 

iinu oarety Report 


02/13/07 


Safety Report 


IN1J oatety Report 


02/13/07 


Safety Report 


IND batety Report 


02/15/07 


TCR 


FDA Response to Revision of Amendment — SPA 


02/16/07 


Information Amendment 


Information Amendment; Clinical 


02/23/07 


Protocol Amendment 


Response to FDA Comments on Imaging Review Charter 


02/26/07 


Safety Report 


1NU batety Report 


AT /T T /AT 

02/27/07 


Protocol Amendment 


tJioimaging cnarter ana censoring tvuies 


AO /A 1 /AT 

03/01/07 


Satety Report 


iinu baiety Report 


A 1 /A C /AT 

03/05/07 


E-Mail 


MedDRA version 


AT /AO /AT 

03/08/07 


Protocol Amendment 


CD A 


/AO / 1 T /AT 

03/12/07 


Safety Report 


1NL> batety Report 


03/14/07 


Safety Report 


IND Safety Report 


03/15/07 


Protocol Amendment 


rrotocoi Amenament. New investigator/ upaatea investigator 


03/21/07 


Satety Report 


1NU barety Report 


AT /TT /AT 

03/23/07 


TCR 


FDA Correspondence 


03/26/07 


Safety Report 


IND batety Report 


03/27/07 


E-Mail 


r UA corresponaence on ungoing btuay uata Requirements lor 
NUA ruing 


A 1 /T A /AT 

03/29/07 


Protocol Amendment 


rrotocoi Amenament. v^nange in rrotocoi 


04/02/07 


Safety Report 


INL) batety Report 


04/06/07 


E-Mail 


FDA Comments on Imaging Charter 


04/06/07 


Safety Report 


IND batety Report 




c-jviau 


pnA PnrrpcnnnHpnr'p' f^nmmpntQ on Tmaoinfy Chartpr 
v vj t\ v_/Ui I Co|JUUUvii^/v. v./Uiiiiiit'iiia ui i inlawing, v_^iiai iti 


04/12/07 


Safety Report 


IND Safety Report 


04/18/07 


Safety Report 


IND Safety Report 


04/19/07 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


04/25/07 


General Correspondence 


Request for trade name 


04/26/07 


Safety Report 


IND Safety Report 
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05/01/07 


Safety Report 


IND Safety Report 


05/07/07 


Incoming FDA Correspondence 


Comments on Submission of SPA 


05/07/07 


Safety Report 


IND Safety Report 


05/10/07 


Safety Report 


IND Safety Report 


05/18/07 


Safety Report 


IND Safety Report 


05/21/07 


Fax 


FDA correspondence 


05/22/07 


Fax 


FDA Correspondence 


05/22/07 


Protocol Amendment 


Protocol Amendment: New Investigator 


05/25/07 


Safety Report 


IND Safety Report 


05/30/07 


Annual Report 


Annual Report 


06/04/07 


Safety Report 


IND Safety Report 


06/08/07 


Request for Meeting 


Request for Pre-NDA Meeting 


06/11/07 


E-Mail 


FDA Correspondence: Global Safety Reporting 


06/12/07 


E-Mail 


FDA Correspondence: Pre-NDA Meeting date 


06/14/07 


Incoming FDA Correspondence 


FDA Correspondence: Confirmation of Pre-NDA Meeting on 
8/23/07 


06/18/07 


Safety Report 


IND Safety Report 


06/19/07 


Safety Report 


IND Safety Report 


06/20/07 


Safety Report 


IND Safety Report 


06/21/07 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


06/22/07 


General Correspondence 


Request for Fast Track Designation 


06/26/07 


Safety Report 


IND Safety Report 


06/27/07 


Safety Report 


IND Safety Report 


07/03/07 


Safety Report 


IND Safety Report 


07/05/07 


E-Mail 


Request For Teleconference To Discuss Imaging Charter and 
SAP 


07/06/07 


Response to FDA Request 


Response to FDA Request for Information 


07/09/07 


Safety Report 


IND Safety Report 


07/10/07 


Incoming FDA Correspondence 


FDA Receipt of Fast Track Designation Request 


07/12/07 


TCR 


Request For Teleconference To Discuss Imaging Charter, SAP, 
and Pre-NDA Meeting Briefing Documents 


07/13/07 


E-Mail 


Response to 7/12/07 FDA Correspondence 


07/13/07 


E-Mail 


FDA Responses to Charter 


07/13/07 


E-Mail 


FDA Response to Request for Teleconference to discuss 
Imaging Charter 


07/13/07 


E-Mail 


FDA Response Regarding Status of SAP and Charter 


07/16/07 


Safety Report 


IND Safety Report 


07/19/07 


Safety Report 


IND Safety Report 


07/24/07 


Briefing Package 


Pre-NDA Meeting 


07/25/07 


Safety Report 


IND Safety Report 


07/26/07 


Safety Report 


IND Safety Report 


07/30/07 


E-Mail 


Pre-NDA Meeting Briefing Package (document plus 
appendices) 


07/30/07 


E-Mail 


7/31/07 Teleconference To Discuss Imaging Charter 


07/30/07 


Safety Report 


IND Safety Report 


07/31/07 


Safety Report 


IND Safety Report 


07/31/07 


Safety Report 


IND Safety Report 


08/01/07 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


08/06/07 


Safety Report 


IND Safety Report 


08/07/07 


Safety Report 


IND Safety Report 


08/08/07 


Incoming FDA Correspondence 


Preliminary FDA responses to questions 


08/13/07 


Safety Report 


IND Safety Report 


08/14/07 


TCR 


FDA Correspondence: Follow-up items 
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08/14/07 


Safety Report 


IND Safety Report 


08/15/07 


E-Mail 


FDA Correspondence 


08/15/07 


Protocol Amendment 


New Protocol 


08/20/07 


E-Mail 


FDA correspondence: Confirmation of Pre-NDA meeting 


08/20/07 


E-Mail 


FDA correspondence: Pre-NDA Meeting Discussion Points 


08/21/07 


E-Mail 


FDA Correspondence: Request for Slides 


08/21/07 


Safety Report 


IND Safety Report 


08/24/07 


E-Mail 


FDA Correspondence: Imaging Charter 


08/27/07 


Incoming FDA Correspondence 


FDA Correspondence: Fast Track Designation 


08/27/07 


E-Mail 


FDA Correspondence: Pre-NDA meeting minutes 


08/28/07 


Safety Report 


IND Safety Report 


08/30/07 


Safety Report 


IND Safety Report 


08/30/07 


Protocol Amendment 


t\ a 1 A 1 a "v T T i * a At T _1 j_ IT ^^j* „ „ „ 

Protocol Amendment: New Investigator/Updated Investigator 


09/04/07 


Incoming FDA Correspondence 


FDA Correspondence: Official Minutes of 7/31/07 Telecon 


09/05/07 


Safety Report 


IND Safety Report 


09/07/07 


General Correspondence 


Eisai's 8/23/07 Pre-NDA Meeting Minutes 


09/1 1/07 


Safety Report 


IND Safety Report 


09/14/07 


Safety Report 


IND Safety Report 


09/17/07 


Safety Report 


IND Safety Report 


09/20/07 


Safety Report 


IND Safety Report 


09/21/07 


Safety Report 


IND Safety Report 


09/21/07 


Safety Report 


IND Safety Report 


09/26/07 


E-Mail 


FDA/CDER-edata group correspondence 


09/27/07 


Safety Report 


IND Safety Report 


10/02/07 


Safety Report 


IND Safety Report 


10/04/07 


Safety Report 


IND Safety Report 


10/04/07 


Safety Report 


IND Safety Report 


10/08/07 


Safety Report 


IND Safety Report 


10/10/07 


Safety Report 


IND Safety Report 


10/11/07 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


10/12/07 


Safety Report 


IND Safety Report 


10/17/07 


TCR 


FDA Correspondence 


10/23/07 


Safety Report 


IND Safety Report 


10/26/07 


TCR 


FDA correspondence 


10/29/07 


Safety Report 


IND Safety Report 


10/30/07 


Information Amendment 


Information Amendment: Pharm/Tox 


10/31/07 


TCR 


Proposed changes to Special Protocol Assessment 


10/31/07 


Protocol Amendment 


Proposed changes to Special Protocol Assessment 


10/31/07 


Information Amendment 


Information Amendment: Investigator's Brochure 


1 1/06/07 


Safety Report 


IND Safety Report 


11/13/07 


Safety Report 


T\Tr\ O J? j T"* j 

IND Safety Report 


11/14/07 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


11/19/07 


Safety Report 


IND Safety Report 


11/19/07 


Safety Report 


IND Safety Report 


11/26/07 


Safety Report 


IND Safety Report 


1 1/26/07 


Safety Report 


IND Safety Report 


1 1 /27/07 


Protocol Amendment 


Protocol Amendment: Change in Protocol 


11/30/07 


Safety Report 


IND Safety Report 


12/04/07 


E-Mail 


Email to FDA re CSR data listings 


12/04/07 


E-Mail 


Acknowledgement of FDA comments 


12/04/07 


E-Mail 


Comments on Proposed Study Changes 


12/05/07 


E-Mail 


FDA Correspondence 
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12/06/07 


Safety Report 


IND Safety Report 


12/07/07 


E-Mail 


FDA Correspondence 


12/12/07 


Safety Report 


IND Safety Report 


12/17/07 


E-Mail 


FDA Confirmation of 12/20/07 Telecon on Amendment 6 
statistics 


12/17/07 


E-Mail 


Confirmation of 12/14/07 Telecon Attendees 


12/19/07 


Safety Report 


IND Safety Report 


12/20/07 


Safety Report 


IND Safety Report 


12/20/07 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


12/21/07 


E-Mail 


Special Protocol Assessment 


12/21/07 


E-Mail 


FDA Confirmation of Study Stratification Factors 


12/27/07 


E-Mail 


FDA Correspondence 


12/27/07 


Safety Report 


IND Safety Report 


01/02/08 


Protocol Amendment 


Protocol Amendment: Change in Protocol/New Investigator 


01/03/08 


Safety Report 


IND Safety Report 


01/07/08 


Information Amendment 


Information Amendment: Chemistry/Manufacturing/Controls 


01/08/08 


TCR 


FDA Correspondence 


01/08/08 


Safety Report 


IND Safety Report 


01/14/08 


E-Mail 


Official Minutes from 12/14/07 Teleconference 


01/14/08 


E-Mail 


Official Minutes from 12/20/07 Teleconference 


01/15/08 


Safety Report 


IND Safety Report 


01/23/08 


Safety Report 


IND Safety Report 


01/30/08 


Safety Report 


IND Safety Report 


01/31/08 


TCR 


FDA Correspondence 


02/04/08 


TCR 


Meeting to discuss Study for breast cancer registration 


02/05/08 


E-Mail 


Tentative FDA clearance of proposed trade names 


02/06/08 


Safety Report 


IND Safety Report 


02/06/08 


Request for Meeting 


Type C Meeting Request 


02/13/08 


E-Mail 


Acceptance of 3/27/08 Meeting Date 


02/13/08 


E-Mail 


3/27/08 End-of-Phase 2 Follow-up Meeting 


02/14/08 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


02/14/08 


Safety Report 


IND Satety Report 


02/15/08 


E-Mail 


New FDA RA Project Manager 


02/15/08 


Safety Report 


IND Safety Report 


02/20/08 


E-Mail 


Confirmation that meeting request is being processed 


02/28/08 


E-Mail 


FDA Confirmation of Receipt of Questions (electronic version) 


02/28/08 


Briefing Package 


3/27/08 End-of-Phase 2 Follow-up Meeting 


03/03/08 


E-Mail 


3/27/08 End-of-Phase 2 Follow-up Meeting 


03/05/08 


Safety Report 


IND Safety Report 


03/18/08 


Safety Report 


IND Safety Report 


03/19/08 


TCR 


Status of FDA response to questions for 3/27/08 End-of-Phase- 
2 Follow-up Meeting 


03/19/08 


Protocol Amendment 


Protocol Amendment: Change in Protocol/New Investigator 


03/21/08 


E-Mail 


FDA Responses for 3/27/08 End-of-Phase-2 Follow-up Meeting 


03/25/08 


Safety Report 


IND Safety Report 


03/27/08 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


04/02/08 


Protocol Amendment 


Amendment 6 (confirmation of SPA) 


04/08/08 


Safety Report 


IND Safety Report 


04/08/08 


Response to FDA Request 


Eisai Response to FDA Comments on 3/27/08 End-of-Phase-2 
Follow-up Meeting 


04/10/08 


E-Mail 


Notification of submission (SPA Amendment 6) and Response 
to FDA Comments on 3/27/08 End-of-Phase 2 Follow-up 
Meeting 
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04/15/08 


TCR 


FDA Correspondence 


04/15/08 


Safety Report 


IND Safety Report 


04/16/08 


E-Mail 


Confirmation of receipt of Protocol Amendment 6 SPA 
confirmation 


04/17/08 


TCR 


Discussion of SPA Imaging Charter 


04/21/08 


Safety Report 


IND Safety Report 


04/23/08 


Safety Report 


IND Safety Report 


04/28/08 


General Correspondence 


ICON Clinical Research 


04/29/08 


Safety Report 


IND Safety Report 


04/30/08 


Safety Report 


IND Safety Report 


04/30/08 


Safety Report 


IND Safety Report 


05/01/08 


E-Mail 


FDA Correspondence 


05/01/08 


General Correspondence 


Response to FDA Request: SPA Summary of Independent 
Imaging Review Charter Changes 


05/01/08 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


05/02/08 


E-Mail 


Confirmation of receipt or SPA Summary ot Independent 
Imaging Review Charter Changes 


05/07/08 


Safety Report 


SPA Summary of Independent Imaging Review Charter 
Changes 


05120/08 


Safety Report 


IND Satety Report 


05/21/08 


Incoming FDA Correspondence 


FDA Correspondence: SPA Confirmation 


05/29/08 


Annual Report 


Annual Report 


05/29/08 


Safety Report 


IND Safety Report 


06/09/08 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


06/10/08 


Safety Report 


IND Safety Report 


06/13/08 


Protocol Amendment 


New Protocol 


06/16/08 


E-Mail 


FDA Correspondence: List of Eisai Attendees on 6/1 1/08 
Teleconference 


06/16/08 


E-Mail 


FDA Correspondence: FDA Confirmation or Receipt or bisai 
Attendee List 


06/18/08 


Safety Report 


IND Satety Report 


06/20/08 


Protocol Amendment 


Protocol Amendment 


06/26/08 


Safety Report 


IND oatety Report 


07/02/08 


Protocol Amendment 


Protocol Amendment 


07/07/08 


Safety Report 


IND Safety Report 


07/10/08 


Safety Report 


IND Satety Report 


07/16/08 


Safety Report 


IND Safety Report 


07/21/08 


Safety Report 


IND Safety Report 


07/23/08 


Protocol Amendment 


Protocol Amendment: New Protocol 


07/24/08 


E-Mail 


FDA Correspondence: Eisai request for official FDA minutes 
from 3/27/Uo bnd-ot-rnase z roi low-up Meeting 


07/24/08 


E-Mail 


FDA Correspondence 


07/24/08 


Safety Report 


IND Satety Report 


07/25/08 


E-Mail 


FDA Correspondence: Provision of Investigator's Brochure 


07/25/08 


E-Mail 


FDA Correspondence 


07/28/08 


E-Mail 


FDA Correspondence 


V //zo/Uo 


Protocol Amendment 


Prntnrnl AmpnHmpnt* Npw Invp^tiQatnr/I Jndated Investigator 


07/29/08 


Safety Report 


IND Safety Report 


07/31/08 


Safety Report 


IND Safety Report 


08/05/08 


E-Mail 


FDA Correspondence 


08/05/08 


FDA Correspondence 


FDA Correspondence 


08/05/08 


E-Mail 


New FDA Regulatory Project Manager assigned to E7389 
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08/05/08 


E-Mail 


Request for FDA Minutes from 3/27/08 End-of-Phase 2 Follow- 
up Meeting 


08/06/08 


Safety Report 


iind oaiery Kepon 


08/11/08 


Safety Report 


ind oaieiy Kepon 


08/13/08 


Safety Report 


IND oatety Report 


08/20/08 


E-Mail 


Dommet fr\f Official \>f imitPC frnm PnH-Af-PhfiQP 9 

Kequesi ior umciai Minutes rrom j/z//uo cnu-oi-niaoc z 

T7 1 n ||niii 1 1 w A ^ a at i n rt 

ronow-up Meeting 


08/27/08 


IND Safety Report 


TXT P\ Cof»fr/ Panrtrt 

iind oaieiy Kepon 


lf\*> tf\C% 

09/03/08 


E-Mail 


rUA i^orresponaence 


09/09/08 


Safety Report 


iind oaieiy Kepon 


09/10/08 


Safety Report 


TXTl"^ C nfn+*i i DnnAi^ 

IND oarety Kepon 


09/1 1/08 


TCR 


rUA corresponaence 


/ 1 ^ /r\ o 

09/12/08 


Safety Report 


iinu oaieiy Kepon 


AA / 1 /T /A O 

09/16/08 


Protocol Amendment 


"rOlOCOI AnicnumCiU. INCVV invcallgaiui/vjpuaicu iiivcDHgaiui 


09/16/08 


Maintenance 


Protocol Amendment: New Investigator/Updated Investigator 


09/22/08 


Safely Report 


1NL/ oaieiy Kepon 


09/24/08 


E-Mail 


FDA Correspondence 


00/25/08 


Safety Report 


T"K.Tr\ CnAifii Dy-l«A*>t 

IND Safety Report 


09/30/08 


Safety Report 


IND oatety Kepon 


10/06/08 


E-Mail 


rDA uorresponaence. Kequesi ror j/z//uo cna-oi-rndbc z 
rouow-up ivieeung iviinuicij 


1 A /A*7 /AO 

10/07/08 


1 CR 


Arl rrOCcbb VallUallUIl 


1 A /AT /AO 


r? A/toil 


rwn ^7 io^ 


1 A/AT /AO 


Safety Report 


ifND oaieiy Kepun 


1 A / A O /A O 

1 0/08/08 


oatety Report 


iind oaieiy Kepon 


1 A / A A /A O 

10/09/08 


General Correspondence 


i raae iName Kequesi 


1 A / 1 1 /AO 

10/13/08 


Safety Report 


IND oaieiy Kepon 


1 A /^ 1 /AO 

10/21/08 


Safety Report 


1Xir\ Cofph; D ar\r\rt 

iind oaieiy Kepon 


1 a /i /a 0 

10/24/08 




FDA Conespondence 


1 A A /A O 

10/24/08 


Protocol Amendment 


rroiocoi Amenumem. rsiew invesiigaior/upaaieu invcsiigaiui 


10/24/08 


Maintenance 


rroiocoi Amenomeni, iNew invesugaior/upuaicu invcaiigaiui 


1 A T /A O 

1 0/27/08 


Sarety Report 


iisu oaieiy Kepon 


1 A O /A O 

10/28/08 


Safety Report 


iind oaieiy Kepon 


1 A A / A O 

10/29/08 


Protocol Amendment 


rroiocoi Amenumem. v^nange in rruiucui 


1 a /on / AO 

1 0/29/08 


Maintenance 


Prr*tr\r-r\l AmpnHmpnt* Phanop in Prntorol 
rlOlUvUl /AlllCIIUniCIU. V^llallgC ill nuiuwui 


11/11 /AO 

11/1 1/Uo 


Safety Report 


TXT Pi Cofph/ PpTAArt 


1 1 / 1 1 /A O 

l l/l 1/08 


Safety Report 


TXTPV Qafpt\/ P a a Art 


11/11 /AO 

1 1/1 l/Uo 


General Correspondence 


rvcqucM lur run v^uiiiinciu un oiuujf 


1 1 /I 1 /AO 

1 1/1 1/08 


Maintenance 


P on 1 1 oct fnr T^l^ A pAm m An t An Qti iH\/ 

KequcSi ior r Ur\ ^uiiiiiicni un oiuuy 


1 1 / 1 O /A O 

1 1/12/08 


1 LR 


olUuy rTOpObal 


11/10 /AO 

l l/l 8/08 


Safety Report 


1X1 p\ Cnfph; R a a Art 

iind oaieiy Kepon 


1 1 / 1 A / AO 

1 1/19/08 


Safety Report 


iind oaieiy Kepon 


1 1 /^ (\ /AO 

1 1/20/08 


General Correspondence 


Response 10 r u/\ v^ommenis on rroiucui 


1 1 /^ A / AO 

H/20/08 


Maintenance 


Darnnnca tr\ 17 1™^ A P An 1 1 A ct fr%r InfAltTiatl An 

Response 10 rUA Kequesi ior iniurmaiiun 


1 1 /^ vl /AO 

1 1/24/08 


E-Mail 


Request ior una-oi-rnase z ivieeiing iviinuica 


11/24/08 


TCR 


Requesi ior r da L/Ommenis on oiuuy 


1 1 A /AO 

1 1/24/08 


Safety Report 


TX ip\ Cnfohj P pnnrt 

iind oaieiy Kepon 


1 7/09 /OR 




Reminder for Request for Feedback 


12/02/08 


Safety Report 


IND Safety Report 


12/03/08 


Safety Report 


IND Safety Report 


12/04/08 


E-Mail 


Status of Request for FDA Comment on Study 


12/04/08 


E-Mail 


Clarification of Request for Trade Name Review 


12/10/08 


E-Mail 


FDA Response 
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12/10/08 


E-Mail 


Acknowledgement of FDA Comments 


12/12/08 


Safety Report 


IND Safety Report 


12/15/08 


Safety Report 


IND Safety Report 


12/28/08 


Safety Report 


IND Safety Report 


12/29/08 


Safety Report 


IND Safety Report 


01/07/09 


Safety Report 


IND Safety Report 


01/08/09 


Safety Report 


IND Safety Report 


01/12/09 


Information Amendment 


Updated Investigator's Brochure 


01/12/09 


Maintenance 


Information Amendment: Clinical - Updated Investigator's 
Brochure 


01/20/09 


Safety Report 


IND Satety Report 


01/26/09 


Protocol Amendment 


Protocol Amendment: New Investigator/Updated Investigator 


01/26/09 


Maintenance 


Protocol Amendment: New Investigator/Updated Investigator 


01/27/09 


Safety Report 


IND Safety Report 


01/29/09 


Safety Report 


IND Safety Report 


01/29/09 


Safety Report 


IND Safety Report 


01/30/09 


General Correspondence 


General Correspondence: Administrative Analysis 


01/30/09 


Maintenance 


Administrative Analysis 


02/10/09 


Safety Report 


IND Safety Report 


02/12/09 


General Correspondence 


General Correspondence: Trade Name 


02/23/09 


Safety Report 


TXTT"\ Cnfnfii D 

IND Satety Report 


02/26/09 


Protocol Amendment 


Protocol Amendment: New Protocol/New Investigator 


02/26/09 


Maintenance 


Protocol Amendment. New protocol/New invesugator 


03/04/09 


Safety Report 


IND Gaiety Report 


03/10/09 


Safety Report 


IND Safety Report 


03/18/09 


Safety Report 


IND Satety Report 


03/23/09 


Safety Report 


IND Safety Report 


03/30/09 


Safety Report 


IND Satety Report 


03/31/09 


Protocol Amendment 


Protocol Amendment. New investigator/ upoateu investigator 


03/31/09 


Maintenance 


Protocol Amenament, New investigator/ updated investigator 


04/02/09 


Incoming FDA Correspondence 


Proprietary Name Request 


04/06/09 


Safety Report 


T"V T T~"\ C 1 ~ i^.-. 4-- . 1~>~_~_*- 

IND Satety Report 


04/08/09 


Safety Report 


IND Safety Report 


04/09/09 


Protocol Amendment 


Protocol Amendment: Change in Protocol 


04/09/09 


Maintenance 


Protocol Amendment: Change in Protocol 


04/13/09 


Safety Report 


IND Safety Report 


04/21/09 


Safety Report 


IND Safety Report 


04/30/09 


Protocol Amendment 


Protocol Amendment: Change in Protocol/New 
Investigator/Updated Investigator 


04/30/09 


Maintenance 


Protocol Amendment, cnange in protocol/ New 
investigator/ upaatea investigator 


05/14/09 


Safety Report 


IND safety Keport 


05/14/09 


Protocol Amendment 


Protocol Amendment, v^nange in rroiocoi/i>iew invebiigdiur 


05/14/09 


Maintenance 


Protocol Amendment, cnange in protocoi/iMew invesugaior 


05/20/09 


Safety Report 


IND Safety Report 


05/26/09 


Safety Report 


IND Safety Keport 


05/27/09 


TCR 


Requirements for Treatment Protocols 


rxci^n /AO 


C IV/TaJI 

c,-Maii 


R pniiirpmpntQ for Xrpatmpnt Protocols 


05/27/09 


Protocol Amendment 


Protocol Amendment: New/Updated Investigators 


05/27/09 


Maintenance 


Protocol Amendment: New/Updated Investigators 


05/28/09 


General Correspondence 


Original Application to establish eCTD Hierarchical Structure 


05/28/09 


Annual Report 


Annual Report 3/3 1/2808 - 3/30/09 


05/28/09 


Maintenance 


Annual Report 3/31/2808 - 3/30/09 
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06/18/09 


Safety Report 


IND Satety Report 


06/25/09 


E-Mail 


Questions on Requirements for Treatment Protocol 


06/25/09 


Safety Report 


IND Satety Report 


06/30/09 


Safety Report 


IND Satety Report 


07/06/09 


Safety Report 


IND Safety Report 


07/08/09 


Safety Report 


IND Satety Report 


07/13/09 


Safety Report 


TXTT"\ O „ -£V. 4~. . D 

1ND Satety Report 


07/15/09 


Protocol Amendment 


Protocol Amendment: Change in Protocol 


07/15/09 


Maintenance 


Protocol Amendment: Change in Protocol 


07/23/09 


Protocol Amendment 


Protocol Amendment: Change in Protocol/Updated 
Investigators 


07/23/09 


Safety Report 


IND Satety Report 


07/23/09 


Maintenance 


Protocol Amendment: Change in Protocol/Updated 
Investigators 


07/28/09 


Safety Report 


IND Satety Report 


08/06/09 


Safety Report 


IND Satety Report 


08/18/09 


Safety Report 


IND Satety Report 


08/27/09 


Safety Report 


IND Satety Report 


08/27/09 


Request for Meeting 


Request for Pre-NDA Meeting 


08/31/09 


Protocol Amendment 


Protocol Amendment: New/Updated Investigators 


08/31/09 


Maintenance 


Protocol Amendment. New/ updated invesugaiors 


09/02/09 


Safety Report 


11NU satety Keport 


09/15/09 


Satety Report 


LiNu oaiety Kepon 


09/21/09 


General Correspondence 


Sponsor Address Change 


09/24/09 


Information Amendment 


tMt iniormaiion Amenumeni 


09/24/09 


Satety Report 


iiND saiety Kepon 


09/28/09 


Safety Report 


1NU oaiety Kepon 


09/30/09 


Protocol Amendment 


Protocol Amenomenx. i^nange in rroiocoi 


09/30/09 


Maintenance 


Protocol Amendment, v^nange in protocol 


10/01/09 


E-Mail 


SAP Censoring Rules 


10/01/09 


Safety Report 


IND Satety Kepon 


10/06/09 


Safety Report 


IND Satety Kepon 


10/07/09 


General Correspondence 


Oenerai L/Onesponoence.L/nange in oponsorsnip/vjwnerbnip 


10/13/09 


Safety Report 


IND satety Kepon 


1 /\ / -1 ^ /AA 

10/15/09 


Briefing Package 


Pre-NDA Briefing Package 


10/26/09 


Safety Report 


IND Satety Kepon 


10/28/09 


E-Mail 


l reatment protocol ouomission 


10/29/09 


Protocol Amendment 


Protocol Amendment. New protocol/ 1 reaimeni rroiocoi 


10/29/09 


Maintenance 


Protocol Amendment. iNew rroiocoi/ 1 reaimem rruiucui 


1 1/04/09 


Safety Report 


1NU baiety Kepon 


1 1/06/09 


Protocol Amendment 


Protocol Amendment. iNew rroiocoi 


1 1/06/09 


General Correspondence 


inTormation Amendment, v^iinicai 


i 1 ii\ s i r\r\ 

11/06/09 


Maintenance 


protocol Amendment. iNew rroiocoi 


H/ll/09 


Safety Report 


IND satety Kepon 


11/1 ^ tf\r\ 

1 1/17/09 


Protocol Amendment 


protocol Amendment. iNew rroiocoi 


1 1/17/09 


General Correspondence 


cnange in aponsorsnip/vjwnersmp 


1 1/17/09 


Maintenance 


Protocol Amendment. iNew rroiocoi 


11/iq /no 


rroiocoi /\mcnuiiiciu 


Protocol Amendment* New/Undated Investigators 


11/19/09 


Maintenance 


Protocol Amendment: New/Updated Investigators 


11/24/09 


Safety Report 


IND Safety Report 


11/30/09 


Safety Report 


IND Safety Report 


1 1/30/09 


Safety Report 


IND Safety Report 


12/07/09 


Safety Report 


IND Safety Report 
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!#ES@I^*M@Nlt^^ 


12/17/09 


Safety Report 


IND Safety Report 


12/21/09 


Protocol Amendment 


Protocol Amendment: New Protocol 


12/21/09 


Maintenance 


Protocol Amendment: New Protocol 


12/22/09 


Safety Report 


IND Safety Report 


01/08/10 


Safety Report 


IND Safety Report 


01/18/10 


Safety Report 


IND Safety Report 


01/22/10 


Information Amendment 


Protocol Amendment 


01/27/10 


E-Mail 


Official FDA Minutes from 1 1/23/09 Fre-NDA Meeting 


01/27/10 


Safety Report 


IND Safety Report 


01/29/10 


Protocol Amendment 


Protocol Amendment: New Protocol 


01/29/10 


Protocol Amendment 


Protocol Amendment: New Protocol 


01/29/10 


Maintenance 


Protocol Amendment: New Protocol 


02/04/10 


Safety Report 


IND Safety Report 


no M i /i A 

1 1/ Iu 


Safety Report 


FKin ^nfptv Rpnnrt 
liNU/ oaiciy ivcpui I 


02/16/10 


Safety Report 


IND Safety Report 


02/25/10 


Safety Report 


IND Safety Report 


03/02/10 


Safety Report 


IND Safety Report 


03/16/10 


Safety Report 


IND Safety Report 


03/30/10 


Application Submission 


New Drug Application [see NDA log] 



Page 14 of 14 



U.S. Patent No. 6,214,865 Docket No.: 029163.0022-US01 



EXHIBIT 9 



HALAVEN™ NDA 201532 Diligence Log 



DATE 


TYPE 


SUBJECT 


03/30/10 


Application Submission 


Original Application 


04/02/10 


Amendment to a Pending 
Application 


Request for Proprietary Name Review 


04/27/10 


Incoming FDA Correspondence 


UlNUl^A rroject jvianager L/Onxaci inrormdiion 


04/28/10 


TCR from FDA 


Kequest ror lnronriaiion 10 suppon sponsor/sue uispccuun 


04/29/10 


E-Mail from FDA 


Request for information related to BIMO inspection planning 


05/04/10 


E-Mail 


NDA 201532 


05/04/10 


Incoming FDA Correspondence 


Request for information 


05/05/10 


E-Mail from FDA 


Request for ECT Waveforms 


05/05/10 


E-Mail from FDA 


Request for information regarding potential BIMO inspections 


05/05/10 


E-Mail to FDA 


Response to request for information regarding potential BIMO 
inspections 


05/06/10 


E-Mail from FDA 


rDA list or attendees trom j/d/iu mja teieconierence 


05/06/10 


E-Mail from FDA 


Request tor hisai attendee list trom ;>/.)/ iu rUA 
Teleconference 


05/06/10 


E-Mail to FDA 


Change of contact at ICON PLC 


05/10/10 


T-Con with FDA 


Oncology Drugs Advisory Committee Meeting 


05/10/10 


E-mail 


blope tor y i uni 


05/10/10 


E-mail 


ECO Wavetorms 


05/10/10 


E-mail 


Subject slopes for QTCi 


05/11/10 


Amendment to a Pending 
Application 


Information regarding potential BIMO inspections 


05/12/10 


TCR from FDA 


Site Inspections and Request for Information 


05/13/10 


TCR 


FDA Inspection ot Study bites 


05/13/10 


E-Mail 


Manufacturers of Starting Materials 


05/17/10 


Amendment to a Pending 
Application 


Response to FDA Request for Starting Materials 
Manufacturers 


05/19/10 


Incoming FDA Correspondence 


FDA Letter dated 5/13/10 re: starting materials and drug 
product specs 


05/21/10 


Amendment to a Pending 
Application 


Submission of ECGs 


05/21/10 


TCR 


Phone Contact witn UINU^A rroject Manager 


05/25/10 


TCR 


Cancellation or eriouiin mesylate oncologic urugb /\uvibuiy 
Committee Meeting. 


05/25/10 


E-Mail 


/vuvisory v^ornniiuvc iviccLing 


05/25/10 


E-Mail 


1 ivir i^iariricaiioris 


05/25/10 


E-Mail 


rUn inspections, cuiupc 


05/25/10 


E-Mail 


PriA Incnprtinnc nf TPON PI C and Fi<;ai Limited 


05/25/10 


E-Mail 


rrioniy iveview 


05/26/10 


E-Mail 


ACKnowieugment oi receipi ui cinaii ui iu 


05/26/10 


E-Mail 


questions oc tvequesi IOi IVlcCUllg ivcgaiuing oiaiiuig iviaiciiaia 


05/26/10 


E-Mail from FDA 


written JNOiuicaiion on v^ancciiaiion oi wu/a^ 


05/27/10 


E-Mail from FDA 


i Mr L/ianncations 


05/27/10 


E-Mail to FDA 


1 Mr ciantications 


05/28/10 


E-Mail from FDA 


rTionty Keview iNotincaiion 


06/02/10 


E-Mail to FDA 


Kequesteu site aocuments ror rUA inspection 


06/03/10 


E-Mail from FDA 


rUA Announcement or cu inspections 


(\&IC\1 /I f» 
UO/Uj/ iU 


TPP frnm FDA 


Inspection of U S studv sites 


06/03/10 


E-Mail from FDA 


Requested site documents for FDA inspection 


06/03/10 


E-Mail to FDA 


European Inspection Site Travel Information 


06/04/10 


E-Mail from FDA 


Information Request: Datasets 


06/04/10 


E-Mail to FDA 


Confirming receipt of email (Information Request - Datasets) 


06/04/10 


E-Mail to FDA 


Status of package (background information for FDA 
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1 YrL >; - v. *=■ .: ■ ■ ■-■^v-^:V/^- 


' 1"R TFPT • . ; •• ; ' : ' •' ' - ; ' ; - • • • '< : - ' ' ■ ■■ • • ■ 








06/07/10 




Amendment to a Pending 
Application 


OiidliK/ InfArmatiAn AmpnHmPnt - Rp^nAnQP tft FDA RpnilSSt 

villainy iniormaiiuii /\iiiciiuinciii - ivcajjuiiac i\j i l//a ix&i^u&ai 


Uo/U // lu 




^tartino \4atprifll^ 


Uo/ 1 U/ 1 u 


C N/1oi 1 frr\m PHA 

c-ivian Trom ruA 


Ponfirmatinn of Background Information for Site InSDections 


o/c/i o/i n 
Uo/ 1 U/ 1 U 


TpD f« CHA 

I L^IY TO r UA 


Remiest to FDA re* 6/4/10 FDA Information Reauest 


ha/1 n/1 n 

UO/ 1 U/ 1 u 


F Mail tA FOA 
Ci-iviaii iu run 


Confirmation of Background Information for Site Inspections 


06/11/10 


E-Mail from FDA 


NDA Filing Communication 


Uo/1 1/1U 


c-Mail 10 rUA 


Picai Rpdnnnsp tn 6/4/10 FDA Reauest 


A£/1 \ l\f\ 

06/ 1 I/1U 


n-Mau to 


Picai rpcnnn«ip<! tA 6/4/10 FDA Information Reauest fCiinicaH 


A£ / 1 O / 1 A 

06/ 1 2/ 10 


Incoming FDA Correspondence 


Qtartincr Matprinlc T pttpr HatpH 6/0/1 0 


06/16/10 


E-Mail 


PT^A Clf*rif*ri*\ AHvirp T pttpr At* 6/0/10 


06/17/10 


Amendment to a Pending 
Application 


iniOrillallOn IxCl]Uvbl -L/alaaClo 


06/22/10 


Request for Meeting 


\Af*f*t\ncr RAniif*ct r^ArrpcnAnHpnrp Tvap 

ivi ceil rig rvct[ucoi v^ui i capuiiuci i^c i yy^ ^ 


U6/22/ 1U 


c-ivian 


RpniiPQt from Insnprtors 


OA /O 0/1 ft 

U0/2Z/ 1 U 


1 v^K. 


^tartinp Matprials 


UO/2Z/ IU 


1 Ul\ 


^tartinff Matprials 


ftA/OO/1 ft 
UO/ZZ/ 1 U 


1 ^Iv 


Starting Materials 


f.A/99/1 ft 
UO/ZZ/ 1U 


P Mail 


Meeting List of FDA Attendees 


06/23/10 


E-Mail 


Letter Granting Meeting Request 


ft/C/OI /1 ft 
UO/Z3/ 1U 




Mpptino AapnHa and Prenaration 


OA/T5/1 ft 
U6/Z3/ 1U 


r; A/foil frr*m FT^A 

t>-iviaii rrom r ua 


FDA Information Reauest* Clin Pharm 


ftA/OO/1 ft 

uo/zy/ iu 


i\equesi ror iniurmaiiuii 


Rpsnnnse to FDA 74-Dav Review Reauest 


ft/C/TO/1 ft 

uo/zy/ iu 


P Mail 


Rpsnonsp tn FDA 79-Dav Review Letter 


ft*7 /ft 1 /1ft 

U//U 1/lU 


t/-iviaii rrom ru/\ 


Rpcnnrmp to Arranppments for Site Inspections in France and 
Qnain 


ft^/ftl /1 ft 
U //U 1/ IU 


P Mail tA FHA 

c-ivian lo ruA 


Arranfrements for Site Insnections in France and Snain 


<\1 /OA/1 fl 
U //UO/ 1U 


P Moil 


FDA Accentance of HALAVEN Trade Name 


ft7/ftc/i n 

U //Uo/ IU 


P Mail 

c-iviau 


Starting Materials 


07/09/10 


Incoming FDA Correspondence 


FDA Information Request Letter (CMC) dated 7/2/10 


C\H l\ C /1 ft 

0 lliJl 10 


1 LK. 


Pall to FDA 


07/15/10 


E-Mail 


FDA Comments: HALAVEN Carton and Vial Labels 


a^ / i n /1 a 

07/19/10 


h-Mail 


QnKmicci An Plan anH Tplpronfprpnrp Rpnuest fCMC^ 


A*7 /OO/I A 

07/22/10 


1 CK 


FHA Pontart CMC 


07/22/10 


E-Mail 


Submission of revised draft vial and carton labels per FDA e- 

mail rpniipct HatpH 7/14/10 
Illaii rcqucal uaicu // I'-ri ikj 


A*7 /T3 / 1 A 
U //ZJ/1U 


Kesponse to r u/\ ixequesi 


^nhmission of revised vial and carton labels oer FDA 7/14/10 

rpnilPSt 


ftT /TC/lft 
U //ZiS/ IU 


Kesponse to r u/\ tvequcbi 


120-Day Safety Update and Updated Survival Analyses 


A7/0C/1 ft 

U //Zo/ 1 U 


Amenumeni to a rcnuuig 


Oualitv Information Amendment to a Pending Application: 
Responses to FDA Information Request 


07/28/10 


E-Mail 


HALAVEN Carton Label 


AT /TO/1 ft 

o//zy/iu 


c-iviaii 


FHA Information Reauest (CMO 


08/03/10 


E-Mail from FDA 


Confirmation of Addresses for EU sites 


A O /A 1 / 1 A 

08/03/10 


h-Mail 


i^iimcai ivevicw oi oiuuy 


08/06/10 


E-Mail 


Response to FDA Information Request - Microbiology 


AO/ftQ/1 A 

Uo/uy/ iu 


AmpnHmpnt tA a PpnHino 

AincnuiTicni iu a rciiuiug 
Application 


Responses to FDA Information Request 


08/09/10 


Amendment to a Pending 
Application 


Response to FDA Information Request dated 7/29/10 


08/12/10 


Amendment to a Pending 
Application 


Amendment to a Pending Application Information Request 
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DATE 




SUBJECT : . •• v--- ' A, ■ ... 


08/18/10 


TCR 


Pediatric Advisory Committee Meeting 


08/19/10 


E-Mail 


Clinical Information Request 


08/19/10 


E-Mail 


T T A T A \ 7T7XT T"*_ J I 4-~l n. (~W\ A 

HALAVEN Pediatric ODAC 


08/31/10 


Incoming FDA Correspondence 


rUA Information Request Letter tivit aatea o/jK)/ iu 


09/01/10 


E-Mail 


Confirmation of Teleconference for 9/3/10 


09/02/10 


E-Mail 


background Materials ior i eieconierence on v/j/iu 


09/07/10 


Incoming FDA Correspondence 


rUA Minutes or //z/ iu Meeting Regaraing aiarung Maienais 


09/08/10 


E-Mail 


NDA zU 1 j3z 


09/08/10 


Incoming FDA Correspondence 


Eribulin NDA Review Extension 


09/08/10 


E-Mail 


Post Marketing Requirements and Commitments 


09/09/10 


E-Mail 


Post Marketing requirement 


09/10/10 


Response to FDA Request 


Response to o/z3/l0 rUA request 


09/10/10 


General Correspondence 


Minutes ot Lisai-rDA meetings on //z/iu ana y/j/w 


09/14/10 


E-Mail 


rDA-Carton ana Vial Label Revisions 


09/14/10 


TCR 


bna-or-rnase-z Meeting 


09/14/10 


E-Mail 


Post marketing requirement and commitments 


09/15/10 


E-Mail 


Study Duration 


09/16/10 


E-Mail 


Pediatric ODAC Meeting Information 


09/16/10 


E-Mail 


Eribulin Pediatric ODAC Update 


09/17/10 


E-Mail 


NCl study 


09/20/10 


E-Mail 


TT AT A \ 7 T~?X T "Dmr^rm^J /***n**nn ri«/^ I nUal 

HALAVLN Revised carton and Label 


09/20/10 


E-Mail 


Postmarketing Commitment #2 


09/22/10 


E-Mail 


rUA Comments on ri and patient ri 


09/23/10 


E-Mail 


Post marketing requirement 


09/27/10 


E-Mail 


riALAviiiN canon ana viai uaoei 


09/28/10 


E-Mail 


Revised carton ana viai Laoei 


09/28/10 


E-Mail 


OAT A \/tTXT DT nr\A Dof i Dl 

HALAVLN ri and ratient rl 


09/29/10 


E-Mail 


Postmarketing Requirement #1 


10/04/10 


E-Mail 


CMC Postmarketing Commitment 


10/04/10 


E-Mail 


CMC Postmarketing commitment 


10/05/10 


E-Mail 


PI Content 


10/07/10 


TCR 


PI Content 


10/08/10 


E-Mail 


HALAVEN Carton and Vial Labeling 


10/08/10 


E-Mail . 


Response to FDA request of 10/5/10 


10/08/10 


E-Mail 


Briefing Package For HALAVEN Pediatric ODAC Meeting on 
11-30-2010 


10/08/10 


TCR 


HALAVLN Carton and Vial Labeling cnanges 


10/12/10 


E-Mail 


HALAVLN Carton and viai Label Revisions 


10/13/10 


E-Mail 


Post Action reedback Meeting witn rUA on riALAVbiN inua 
Process 


10/18/10 


E-Mail 


HALAVLN Carton and viai Label 


10/18/10 


E-Mail 


FDA Comments on PI and PF1 


10/19/10 


E-Mail 


HALAVEN Carton ana Vial Label Revisions 


10/20/10 


E-Mail 


Finalization ot HALAVLN Vial and carton labeling 


10/20/10 


E-Mail 


HALAVLN Package insert and ratient racKage insert 
Revisions 


10/26/10 


TCR 


rending rUA comments on iu/zu/ iu auumission 


IU/ZO/ 1U 


c-iviau 


Pnqt Action Feedback Meet in e On HALAVEN NDA Process 


10/28/10 


E-Mail 


HALAVEN Final Labeling: PI and PPI 


10/28/10 


E-Mail 


FDA Comments on 10/22/10 Labeling Submission 


10/28/10 


E-Mail 


Final Draft Labeling 


11/05/10 


E-Mail 


HALAVEN PI Revisions 


11/05/10 


E-Mail 


HALAVEN PI Revisions 
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'•• DATE 


TYPE 




l l/lO/lO 


E-Mail 


Final PI Revisions 


1 1/10/10 


E-Mail 


riALAVtiiN ri ivevisions 


1 1/16/10 


F-Mail 


HALAVEN FDA Approval Letter 


11/16/10 


E-Mail 


Postmarketing Commitment 1689-#1 


11/18/10 


E-Mail 


Revised HALAVEN Approval Letter 


11/28/10 


E-Mail 


Request for Patent Information (FDA Form 3542) 


12/06/10 


Incoming FDA Correspondence 


Requests for Additional information: Clinical Pharmacology 


12/09/10 


E-Mail 


Submission of Final Printed Carton and Container Labels 



i 
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